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MIHUTES OF THE MEETINGS 

O F THE 

AMERICAN PHILOSOPHICAL SOCIETY 

DUHIXG 1926. 


Sf<ited Meeting, Jantiary S, iqs6. 

Francis X. Dercum, A.M., Ph.D.^ Vice-PrestdentT in 

the Chair. 

The decease of the following member was announced: 

Edwafd S, Morse, Sc.D., A.M.+ Ph.D., at Salenin Mass,, De¬ 
cember 20, 1925, ist. 37. 

Professor William B. Scott read a paper on "The [sthmus of 
Panama as Controlling the Animal Life of North and South Amer¬ 
ica,” which was discussed by Messrs. Sydney G. Fisher and Hamp¬ 
ton L, Carsonp and illustrated by lantern slides. 

Professor Scott also exhibited tJie brain cast of Pithminthropiis. 

Dr. Horace C. Richards proposed the following amendment to 
the laws and also that the clause "and Library" should be omitted 
from Chapter VIIl^ Section 5: 

CHAPT^LR fX. 

Section t. Tberc iKall be a l.ibrarian to be appointed by the Gounclh he 
need hoe be a member of the Society. 

2. He thiill ha^'e under the dipection of the Librarj'' Committee the custody 
and itare af the boobi, manusenpts, nt^ps, charts, en£Ta%Kngs, photo¬ 

graphs and dtber pmnted or written matter beloiigiiig to the Society, which 
he shall dinipose and arrange In inch a manner a^ shall be judged most c<jii\T:njjent, 
He shall Iceep a catalogue oF iheni, as well tu a. record of the names of the donom, 

3^ He shall attend the Library daily, except Sunday's and holidays^ 
during such hours sia tho Society shail direct, except when allowed leave 
of abecnee by the presi^dhig officer of the Society: ^nd he shall lend out to any * 
resident member, who Is not mdebted to the Sodety fat fines or forfiuEun»^ any 
books l^loDging to the Libimiy, except such voLumee as the Library Conunkiee 
shall direct not to be lent. • 
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MINUTES. 
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td be bjr tht Cdunril and be paid monthly 
5 - He ehall pr«ent annially. t*fo« the th^ Friday of Januan,-, to the 
i^ihrary Committee, a report on the condition and need* of the Library. 


Dr. Richards proposed that the above amendment should be in¬ 
serted in the Laws as Chapter IX, and that the succeeding chapters 
should be refivimbered. 


Speciul Meeting r January 20 ^ Jg26. 

Francis X. Dfrccm. A.M, M.D,. Ph.D.. Vic^President, 
in the Chatf, 

Monroe B. Snyder, Director Emeritus of the Phila¬ 
delphia Observatory, read a paper on "Univiersal Atomic \^oI- 
canisni and the Millifcan Cosmic Rays." which was illustrated by 
hinlern slides and discussed by Mr. Goodwin, Dr. Goorlspeed Dr, 
iJercuni, Professor Snyder and a guest. 


Stated Meeting, February S, 

Fraxus X. DFECU.M, A.M., M.D.. Pb.D.. Vice-President, 
in the Chair. 

Dr. Richards, Chairman of the Library- Committee, presen led a 
r W which William S. Mason, Esq., presented to 

:bociety. A motion was made and unanimously carried that the 
society s thanks and appreciation should be extended to Mr. Mason 

.ion ^T". ™ 

Staged Meetings March 5 , 1^26. 

Francis X. Dercl-m, A.M., M.D.. Ph.D., Vice-President, 
in the Chair» 

Th, of .he f„llo,ri„g. anoouncod- 

■ Frf. P'' D-. Se.D., a, Laida„_ 

Febrnarv- 21, 1925, a?t. 73. ’ 

^es^r George H. Parker. Profesaor of Zoolc^y aad 
of .he Zodl«j.r,l Uboratory, Harvarf Uairwsin-, rad a paper on 


I 
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MINUTES. vii 

"The Life of the Nerve Ceir^ which was illustrated by lantern 
slid es and discussed by Dr. Good speed and Dr^ Denzufifir 

The Committee on Nomination of Officers made Its report. 

Slaied Grnerai Mfeiingt April 22^ 24, ip26. 

Charlks D* Walcott, Sc,D., Ph.D., LL.D.^ President, in 
the Chair. 

Opening S^sioii, Thursday Afterno&nf April 32 d- 

FiLANCis X. DercuMp am., M.D., Ph.D,, Vice-President, 
in the Chair. 

The following papers were read: 

"Self-sterilityp Cross-fertility and Cross-sterility in Shepherd’s 
Purse," by George H. Shullp B.S.p Ph.D., Professor of 
Botany and Genetics, Princeton Universllyp Herbert 
Rileyi B.S., and Edmund Kiedrowski, Read by Mr. Kie- 
drowski^ 

"Beach Vegetation in the Philippines," by A. R. KienhoU 
PhrD., L^niversity of Illinois, (Introduced by Professor 
Wil liam Trelease^) 

"Some Pusczling Pepper Leaves." by WiIHam Trelease, Sc.D., 
LL.D., Professor of Botany, University of Illinois. 

"Research at the Boyce Thompson Institiite," by John M. 
Couhecp A.M., Ph.D., Boyce Thompson Institute for Plant 
Research. 

"Mutations in a Haploid (InJ Datura and Their Bearing on the 
Theor>' of Hybrid Origin of Mutanls,’' by Albert F. Blakeslee* 
.^..M+p Ph.D*, Assistant I>irectorand Resident Investigator In 
Plant Genetics, Carnegie Station for Experimental Evolu- 
lion. Cold Spring Harbor, L, L, N. Y. Discussed by 
Professor Shull. 

The Transmission of the" Vegetative ’ Character in Sphaerocar- 
pos." by Charles E. Allen, B.S., Ph.D., Professor of Botany, * 
University of Wisconsin, 

“Permeability and Growth of Century-old Cells." Daniel T. 


t 
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MINUTES- 


^lacDougal, Ph.D., LL,D,, Director, Laboratory for Planl; 
Physiology', Camegie Institution of Washington. Discussed 
by Messrs. Donaldson, MacDougal, Dercum and Harsh- 
betgcr. 

“An Accurate Identification of Wind-borne Pollens for Diag¬ 
nostic Tests in Hay Fe^-er," by George T. Moore, .^.M., 
Ph.D., Director, Missouri Botanical Garden, St, Louis, Mo. 
Discussed by Messrs, Scott, Dercum, Allen and Moore. 

“Actual Temperatures in the Tissues which Accompany Tem' 
perature Sensations.’' by Henry C. Bazett, F.R.C.S., M.D., 
A.M., Professor of Physiology, University of Pennsylvania, 
flntroduced by Dr. Alexander C. Abbott.) 

“The Mechanism of Chemical Reactions,” by Hugh S. Taylor, 
Ph.D., M,Sc., Sc.D., Assistant Professor of Physical 

Chemistry, Princeton University. (Introduced by Professor 
George A. Hulett.) 

“The Metabolism of Uric Acid,” by Withrow Morse, A.M., 
Ph.D., Professor of Physiological Chemistry and Tosicology-, 
Jefferson Medical College. (Introduced by Dr. Francis X. 
Dercum.) Discussed by Dr, MacDougaL 

“Mediterranean Garigue and Macchia,” by John W, Harsh- 
bergcr, A.B., B,S.. Ph.D.. Professor of Botany, Unit-ersity 
of Pennsylvania. 

“Corals vs. Mulliporeaby William Setchell, A.M., Ph.D,, 
Professor of Botany, University of California. Read by 

History of (ETiothera bimnis Linnirus, (Enofhem grandi- 
jlora and (Enothera Ijimarckiami of de Vries in England." by 
Bradley Moore Davis. A.M.. Ph.D., Professor of Botany, 
University of Michigan. Read by title. 

Friday, April sjd. 

ExKtitice Sessifm, lo o'clock, 

Charles D. Sc.D., Ph.D., LL.D., President, in 

the Chair, 

The Prerident delivered his annual address. 

Tlie Finance Committee made its report. 
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MINUTESv 


IX 


Mi?rfiing Sessum, io:jo o^do^k. 

Charles D. WalcotTp Sc.D,, Ph,D,, LL.D., Presiclentp in 

ihe Chair, 

The following papers were read: 

''Prerequisites of Mind/' by Stewart Paton, M.A., 
Lecturer on Neurobiotogyp Princeton University, 

"The Newer Knowledge of Physiological Action of Ultra-Violet 
RaySp" by Alfred Hess, A.B., M.D.^ Clinical Professor of 
Pediatricst University and Bellevue Hospital Medical Col- 
lege* New Vork^ (Introduced by Dr. Heniy-^ H. Donaldson,) 
Discussed by Drs, Goodspeed and MacDougab 

"The Gro^'th of Functional Neurones and Its Bearing upon 
the Development of BehavHor/' by George E, Cogliilb A.B., 
M.S., Ph.D,^ Professor of Comparative Anatomy, The Wistar 
Institute, (Introduced by Dr. Clarence E. McClung.) 

"The Present Status of Long-Range Weather Forecastingp" by 
Robert DeC, Ward, A.M,, Professor of CliTllatol(:^^ Har\Tud 
Universit}.'. 

"The Greenland Expedition of the University of Michigan./* by 
William H. Hobbs. S.B., A.M., Ph.D., of Ann .Arbor, 
Michigan. 

**The Hittite Problem,*^ by George A, Barton. A.M., Ph.D.^ 

D,D.p LDD, 

"Christ's Entiy into jenisalem/* fay Paul Haupt, A.M., Ph.D., 
Lt..,D.p Professor of Semitic Languages, Johns Hopkins Uni- 
verity. Read by title- 

Culture Problems of Northeastern America and Their Bear¬ 
ing upon Asiatic and Eskimo Diffusion/^ by Frank G. Specki 
A.B., A.M.p Ph.D.t Assistant Professor of Anthropology, 
Uiiiveraty of Pennsylvania- (Introduced by Dr. Ale^ 
Hrdlieha.) 

Afiernoon S^sion^ s 

Henry Norris Russell, A,M., Ph D*, in the Chair. 

Dr, Albert F, Blakeslee and Dr, Joel Stebbins subficribed the 
-aws and were admitted into the Society, 


MINUTES, 


The following papers were read: 

“ Discussion of the Kinetic Theorj' of Gravitation. III. Exper- 
imental Evidence Supporting Theory- Continual Generation 
of Heat in sonie Igneous Rocks. Its Relation to the Internal 
Heat of the Earth and Presumably of the Sun," by Charles 
F, Brush, Sc.D., Ph.D., LL,D., of Cleveland, 

"What Are the Causes of the Earth's Magnetic Storms?" bv 
Louis A. Bauer, C.E., M.S., M.A., Ph.D,, Sc.D., Director. 

Department of Terrestrial Magnetism. Carnegie Institute of 
Washington. 

"&me Results of the Eclipse of 1935, January- 34," by Ernest 
\\, Brown, M,A., Sc.D., Professor of Mathematics. Vale 
^ Lmversity. Discussed by Dr, Samuel A. Mitchell. 

"The Fl^sh Spectrum of the 1935 Eclipse," by Samuel A. 
^ itchell, Mj\., Ph,D., LL.D,, Professor of Astronomy and 
Director of the Leander McCormick Observatory, University 
of Virginia, Discussed by Dr, John A. Miller, Dr. Henry 

- i A- f^auer. 

A hurther Contribution to the Mode of Regulation of Urine 

homiatioii,” by .Alfred N. Richards, Ph.D., Professor of 
Pharmacology-, Lniversity of Pennsylvania, (Introduced by 

Dr. .Alexander C, Abbott.) Discussed by Dr. Donaldson. 

Germamum, by Louis M. Dennis, Ph.B., B.S., Sc.D., Pro, 
fessor of Iiiorganic Chemistry-, Cornel! University. (Intro- 
ducod by Prof,™,, Kd,„ F. ^ ~ 

Henry' Russell, 

“Oxides of Germanium." by John H. Muller. A.M Ph I> 

ProfessorofChemistryyUniv-ersity of Pennsylvania. ’ (Intro^ 

"Analytical C^mistry- of Selenium and Tellurium," by \ncror 
^nher, Ph.D., Professor of Chemistry, Univ^r^ity of Wis- 
« (Introduced by Pref^, Edgar F. Smith.) Reid 

Ch^m.D,, Sc,D. 

CfiP^' I 1?’’ Provost and Professor of 

hemistry'. University^ of Pennsylvania. Read by title. 


MINUTES, 


xi 

“Equiangulat Spiral Polygons na Presenting Themselves in 
Electrical Engineering," by Arthur E, Kcnnclly, A.M,. Sc.D.. 
Professor of Electrical Engineering, Harvard University. 
'‘lJni\'ersal Atomic Vokanism and the Ultimate Atom," by 
Monroe B, Snyder, M.A., Director Emeritus of the Phila¬ 
delphia Observatory, Read by title. 

On Friday evening, April 23d, Robert A, Millikan, A.B., Ph.D., 
Sc.D., LL.D., Director of the Norman Bridge Laboratory of Physics, 
California Institute of Technology, spoke on the “I.ast Fifteen 
Years of Physics.” 

Saturday, April 341k. 

ExKuiive Session. p:jo o’dock. 

Clt^RLES D. WsicoTT, Sc.D., Ph.D,, LL.D., President, in 

the Chair. 

Dr. Armin O. Leoschner and Dr. Frank Let'erett, recently 
elected members, subscribed the Laws and were admitted into the 
Society. 

The Society proceeded to an election. The Tellers subaequentlv 
reported that the following officers and members had been duly 
elected: 

PresidenL 

Charles D. Walcott. 

Vice-Presidents. 

Henry F. Osborn, 

William W. Campbell, 

Francis X, Dercum. 

Secretaries. 

Arthur W. Goodspeed, 

John A. Miller. 

Curalar. 

William P. Wilson. 

Treasurer, * 

Eli Kirk Price. 


minutes. 


xii 


Councilhrs. 

(To serv^e for 3 year^.) 

Herrnan V. AiugSk 
W hitman Cross, 

Walton B. McE^nielp 
Oswald VeWen- 

Mmbers. 

Ir\Hng W. Bai!e>^ 

James M. Beck, 

Gilbert Ames Bliss, 

John Cadwalader, Jr., 

Roland Burr age Di^con, 

William Charles I_awson Eglhip 
William P. Gest. 

Charles E. Hughes, 

Charles Kenneth tjeilh, 

Ralph Modjeski, 

Oscar Riddle, 

John M. Scott, 

William F. G. Swann ^ 

Henry Osborn Taylor, 

Alfred North WTiiiehead. 

The amendment to the Laws presented by Dr, Horate C. 
Richards at the Stated Meeting of January' Stli, 1926, was approved 
by the Society. 

A/nritiwg Session, to 

HEKitY Fairfifxd OsnoRN. Sc.D., Ph,D,p LL.D,, Vice- 
President p in the Chair* 

The following piapers were read: 

*'The Pleistocene Glacial Stages s Were There More Than 
Four?" by Frank Leverett, B.Sc., Lecturer in Gladal 
Gcolog>% University of Michigan, 

Geology of Southeastern Alaska," by A. F. Euddingtonp Ph.B., 
M, 3 .* Ph.D.p Assistant Professor of Geologyp Princeton 


minutes. 


xm 

Universtty. (Introduced by Professor Charles H. Smyth p 

JO 

“The Present Condition of Knowledge on the Contposition of 
Meteorites,” by George P. MerrilC Ph.D.j Sc.D+, Head 
Cumtorp Department of Cieologyi U. S. National Museum, 
“The PropiQsed Railroad Summer School of Geolog^^ of Prince¬ 
ton University," by R. M, Field, Assistant Professor of 
Geolog>% Princeton University. (Introduced by Professor 
William B, Scott.) 

“The Structure of by William L. Bryantp Director, 

Park Museum, Pnovidencet R^ (Introduced by Professor 
William B. Soott.) 

“Progress in the Studies of Race and Race Mixtures^ with 
Special Reference to the Work Carried on by Harx^and 
University," by Ernest A. Hooton, B.A., M,.A.p Ph,D., 
EXitt. (Introduced by Dr. AleS Hrdlifka.) 

‘'The Peopling of Asia in the Light of New Evidence," by 
Ale^ Hrdlifka, M.D., Curator, Division of Physical An¬ 
thropology, LI. S. National Museum. 

“Sea-tevel Surfaces, and the Problem, of Coastal Subsidence,*^ 
by Douglas Johnson, Ph.D,, Professor of Phj^iography. 
Columbia L'niveraity. 

AJ(erKOt>n Session, 2 o'clock. 

CHAai.K^L D. Walcott, Sc,D., Ph.D,, LL.D., Pr^ident, in 

the Chair. 

A portrait of William Bern-Tnan Scott, M,A., PhX., Sc.D., 
LL.D., President 19(8-1925, by Robert Vonnoh, was presentedK on 
behalf of the Society* by Henry Fairfield Osborn, Sc.D.* Ph.D., 
LL.D.p Vice-President, 

The symposium followed, the subject being Early American 
Cimli^tions and Their Relation to One Another.*^ 

Introduction by AleS HrdliCka, M.D., Curator, Division of. 
Physical Anthropology, U+ S. National Museum. 

The Following papers were read: 

“The Maya Civilization and Its Relation to the Surrounding 
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Culturesp” by Alfred M. Tozzerp Ph.D.p A.B,, Pro¬ 

fessor of AnthropoSogyn Hjirv’ard I'niversityx 

"The Prehistoric Peni\'ians/' by Charles Wx Meadp Honorary 
Curator of Peruvian Archirology^ Americari Museum of 
Natural Histo^>^ 

"The Cultures of Northwestern South America and Their Re¬ 
lations to Central America," by Marshall H, Savillep Professor 
of American Archfcolc^yp Columbia University. 

“'The Aztecs and Their Predecessors in the Valley of Mex\ico,'* 
by Zelia Nuttallp Honorary^ Professor of -Archieologj'-, Na¬ 
tional Museum, Me-vico. Read by title. 

Samuel Pierpont Langley and Modem Aviation,'*^ by Charles 
D. Walcotti Secretaiyr, Sniithsoniau Institution. 

St{!tted Me€tmgy November 

Francis X. Dercum, AA!., MxD., Ph.D., Vice-President, in 

the Chair. 

John M. Scott, Esq., newly elected member, subscribed the Laws 
and was admitted into the Society. 

Acceptances of membership were received from Itvnng \V. 
BaileyH James M. Beck, Gilbert Ames Bliss, John CadwaladerT Jr., 
Roland B. Dixon, William Cx L. Bglin, William Gest^ Charles E. 
Hughes, Charles K. Leith, Ralph Modjoski, Oscar Riddle, John M. 
Scott, William F* F. Sia ann, Henr>' O. Taylor and Alfred N. White- 
head. 

The decease of the following members was announced: 

William Hyde Appleton, A.M., PhxD., LL,D., at Philadelphia, 
April t<>26. iet. 84. 

John Cx Smock, M.xA., PhiX, LL.D., at Hudson, New- York, 
April 21, 1926, ffit. S3. 

Oscar Straus. AAl., LLxU., Litt.D,^ at New York, May 3, 
J926, aet. 76. 

Heniy^ SkJnner, M.D., Sc.D., at Narberth, Pa^t May 30, 1926, 

5 et. 65. 

John Percival Postgate, Litt.D., at Cambridge, England, July 
15, 1926, set* 72- 

\ 


c 


minutes. 


,w 

Allen J. Smith, A.M., MID,, Sc.D., LL-D.. at St. Davids, Pa., 
August iS. ig.z6, act. 63. 

Charles William Eliot, A.M., M.D., Ph,D., LL.D„ at Northeast 
Harbor, Me., August 22, 1926, set. 92. 

William Romaine Kcwbold, A-E., Ph.D., LE D., at Philadel¬ 
phia, September 26, 19126. a?t. 61. 

Franeis E. Kipher, B.S., A,M., LL.D„ at St. Louis, October 6, 
l 926^ a?t. 7S+ 

Emien Hutchinson, A.B,, at Brym ,Mawr, Pa,, October 24. 
1926^ S^tr S3. 

Professor John W. Harshber^er^ Professor of Botany, University 
of Pennsylvania, read a paper on ^^^laskaand Its \"egetation'" wliich 
Was illusErated by lantern slides and discussed by Professors Scott 
and Le\nerett. 

After the reading of the paper informal communications were 
Called for and Dr+ Frank Lev'eretl read a paper on '^Some Remarkable 
Lobations of the Ice-border in Eastern Pennsylvania/' which was 
discussed by Dr* Wilsonp Dr. Harshbet^er and Professor Scott- 

Sfated Meeting of ihe Society, Deceniberj, ig36, 

Francis X. Dercuh, A.M., M.D*, Ph.D., Vire-President, 
in the Chair. 

William P. Gest, Esq., Professor William C. L. EgVm and John 
Cadw^alader, Jr., Esq.* newly elected members, subscribed the Latvs 
and were admitted into the Society. 

The decease was announced of the following member: 

James Furman Kemp. A.B., E.M., Sc.D.. LL.D., at Great 
Xecki Long Island, November 17, 1926^ ^t. 67 * 

Professor J+ Parsons SchaefFert Professor of Anatomy. Jefferson 
Medical College, readt by invitation> a paper on “The Problem of an 
Individual Anatomy in Man,” which >4^5 illustrated by lantern 
slides and discussed by Dr. McClungand Dr. Dercum. 
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ADDRESS BY HAMPTON L. CARSON IN COMMEMORA¬ 
TION OF L MINIS HAYS. 

Read before the elmerican FhiieeafhUaS Sadely, Fehnniry j, 

Afr. Prcstdenl and Peltaa/ Members of ike American P/iihsophical 
Society: 

The partiality of my coileagues has assigned to me the agreeable 
privilege of deltveriog an address ooRimemorative of our late asso- 
dat£. I. JIiKrs Hays. 

The sciY'ices rendered by Dr, Hays to this Society, through the 
many years of his active tnemliership, were of such ttmelv and con¬ 
tinuous consequence that their substantial value and exact character 
cannot be placed in their proper perspective without attempting an 
outline sketch of the history of the Society itself, to serve as a suit^ 
able Jjackground* 

It b generally known that the full title of the Society, as at 
present constittited, is that of The Aheiccah PtttLosoPHiCAt 
SoctETY Held AT Philadelphia fob Peohotisg Useful Kkowl- 
EDCE. That is the title conferred by the Act of Incorporation en- 
acted " by the Representatives of the freemen of the Commonwealth 
of Pennsylvania in (>neral Assembly . . . Wednesday, the ijth of 
March, Anno Domini, iy8o - 9 years before the organization of the 
Government of the United States under the Constitution as framed 
two years earlier by the Federal Convention. 

Prior to the granting of this Charter of 1780, the same name Iiad 
been med by an unincorporated body since the 2nd of Janmry, 1769, 
at which Ume the first meeting under that title was held, and its first 
election of officers took place. This unincorporated body, under this 
title, was the result of the union of two prior societies existing as 
rivals side by side, zealously engaged in the same pursuits, and cotn- 
posrf in about ewe-tenth of the same members. One had been knowrt 
as The Amebicak Society Held at Philadelphia for PaoiioT- 
INC AND PfioPAGATiNO USEFUL Knowleqce/' and thc o^ther as “The 


ip 
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Amfjsican P«rLOSOi*HiCAL Society." The first and oJdcr body— 
originally called The Juxto,— had been sustained by the Popular 
Party led by Franldtii, and the second by the Proprietary Party Jed 
by Deputy Governor James Hamilton. Goad sense finally prevailed 
in sacrificing liiile jealousies and political dissensions to the honor 
of their cotimiy' and the advantage of science by joining as a band 
of brothers for the advancement of knowledge. It is not difficult 
to ascertain that the influence and views of Franklin were pre- 
dominant. 

The existence of the second Society, like diat of the first, was due 
to Franklin. In 1743, Franklin had issued a circular entitled *‘A 
proposal for Protfiotinff Usefitl KntnAcdi/e Am&itg i/ie British Pla»- 
totioHs in Amcricar and in that welhknown paper he liad urged 
" That one Society be formed of virtuosi, or ingenious men, residing 
in the several colonies, to be called the American Philosophical 
Socie^, who are to maintain a constant correspondence. That Phila¬ 
delphia, being the city nearest the center of the continent colonics, 
comninmcating with all of thcni northward and southward by post, 
and with all the islands by sea. and having the adr-antage of a good 
growing library 1 be the center of the Society,” The proposition 
was favorably received, and Franklin, when in N'ew York in the 
spring of 17+4. wrote to Cadwalbder Golden, the Governor of that 
Province: “ f can now acquaint you that the Society, as far as rts 
lates to Philadelphia, is actually formed, and has Kad several meet 
.ngs to mutual satisfaction," Of this Society, Thomas Hopkiu- 
was rrc,s,dent, and Benjamin Franklin wras Secretary, with 
i homas Bond as Physician, John Ilartram a-s Botanist. Tliomas God- 

I h.nras B«.d », GrnrBl NamrsI Pl,il„«,pl,„ 

1 his body was distinct from the original Junto. 

Later the friends of the Proprietary Party, which was the 
pohtiKl foe of Franklin and his followers, dominated the younger 
association recruited largely from their own adherents, Gover^r 
John Penn became its Patron, and it enjoyed his special countenance 
and protection. They worked under the ritle The Ahesican 
1 The PhiJa^erphk Library, founded by Frantliti in 1731. 
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Philosophical SotitiXY^ althoti^h the claim of Franklin to the 
authorship of this collocation of wo^^Js is indisputably established by 
his Proposal of 1743. 

In 1764, FrankJin went abroad, but his party friends, stimulated 
by a letter written by him in 1765 to his friend. Huph RobertSp urging 
that he would continue to meet the Jatito hecanse it xvas ** one of the 
oldest Clubs, as it was one of the best in rhe Kings clommions." 
revived or reorganized the Junto, and in December, 1766. extended its 
scope by admitting non-residents and cliangcd its name to '*The 
AMERICA^■ Society Held at Philadelphia Foa PROxioTixii axd 
Pkopacatixg Usekul KxowLEbOE.'* It elected Dr. Fi^nklin—‘Still 
absent abroad — as its President, and Charles Thom5<>n as its Secre- 
tar>L 

For some years, the two societies contintied to clash, but, after a 
year spent in the elaboration of details and the exercise of much 
diplomac3% terms were mutually agreed upon, resulting, in 1769, in 
the complete union of the two bodies under the present title, which 
is clearly, a combination of the titles of both Societies. 

The candidacy for the Presidency o[ the conjoined Societj' led tn 
an active contest. The name of Dr, Frankltn, who had been the 
President of The Amrriran Sochiy since 1766. w^as pitted against 
tliat of Ex'Governor James Hamilton, W'lio had l>een President of 
1 he Pful&jof>kkot Society since 1763. In a poll of eighty-nine votes 
Franklin, although absent from the country and not reluming until 
1775^ was elected and was annually reelected until his death in 1790, 

In 1840. Peter S. DnPonceau, then President of this Society', 
read, on Jutie 26th. An Historical Account of the Origin and Form¬ 
al ion of the Society.'' With the fullest conviction of the soundness 
of his thesis he maintained tlial the ^ -dtiiericcni Society * W'as no 
other ihan the /unfo/^ established by Franklin in 1777. His argu- 
ment occupied more than 50 (lages. His view's were keenly opposed. 
Joshua hrancjs Fisher, in a |taper, read also on Jtine 26, 1R40, con- 
tested the identity of the original Junio with that of I'he American 
Society Held at Philadelphia for Promoting and Propagating Useful * 
Knowledge. 

The matter was thought of sufheient importance to justify the 

* 
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immediate aiJimintment of Dr, Franklin Badie. Judge John K. Kane. 
Professor A, D, Bache and Dr. Hobicy Dunglison as a sperial com- 
niittee to study the evidence. After more than a year's investigation, 
a careful report of 45 pages was presented, in which the following 
conclusions were stated: 

I. That present Societj* was fnrrncd, on the Jnd o( January-, hy the 
Union of the "American RhilosoptiSqal Society" and “The American 
Society, held at Philadelphia for Prortioting Useful Knowledge." 

3. That the PhilDsophical Soticty was founded by Franklin on the I4lh of 

SJny. 1743. (old style corresponding to 35th May new style), this being 
the date of the publication of his "Proposal for Promoting Useful 
Knowledge among the British Plantations in America." 

J Tliat the American Society was bcKun under the name of the Junto, and 
bore this name from the year 1750, the earliest recorded date of its e.yls- 
tenec, until the 13th of December, 1766, 

4. Thai the evidenre before the Cemmittee docs not establish the identity of 

the Junto which was fornuMJ hy Frsjiklin in 1737, with il«i which aittr- 
wards Iwiuc ihc AmerKan Society; ihougb they aprpe^r to have bcedn 
the samt in many imrktd fnrtkuTarsi 

5- That dalin^ from thr cstahltshtncnt of the e(der parent Society, emr cen- 
t™ial atinivers3r>^ should be celebrated on the 14th C35U1, new style) of 
May, 1843. 

6 . That Franklin, having established one of our parent Societies, and fur- 

ms^d. m hii Junto, the model of the other, is justly entitled to be 
called our fcjtmdcr^ 

The Committee, however, admitted that chasms sdll remained in 
our early annals which retjuired to be filled up. that doubts existed on 
some points, and discrepancies of opinion on others. Hence, they re¬ 
frained from giving publicin- to the Society's early history in its then 
imperfect state, and st^ested a delay of action in the hojie of obtain¬ 
ing more facts. It tsas: *' Resolved that t!ie papers of Mr. DuPon- 
ceau and Mr, Fisher, together with the supplementaty' contributions 
be dei»sited in the Archives, as valuable contributions to the early 
history of the Society.” 

The papers and the evidence were deposited on the 15th of Oc- 
toljer, 1841^ and were undisturbed for 67 years. 

Acting on the recommendation of the Commuiee, that, dating 
. from the establishment of the elder jjarent Society, “our centennial 
am,tversar>' should be celebrated on the 14th (25th. new style) of 
May, ig4j," ' the Societj-, still under the President' of the v,^nerable 
^ Conchi^iQii Ko. s. 111 supra. 
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Dti Ponceau, met at noon^ on the day de^ii^nated^ m the ^loon "of 
the ^Musical Fund Society, and celebrated wkh formaJ and interesting 
exercises “ ITie Hundredth Anniversary^ of the Organisation of the 
Associadonp under the nanie of the American Philosophical Society." 
After a brief opening address by President DnPonceau, Robert M. 
Patterson, 3 if,D., one of the V ice-Presidedts, delivcfed a discourse in 
tvhich he touched the subject with delicacy but with clearness. It 
is quite evident that he regarded it as plausible that the Junto — 
a debatbg Society' " as he described it. not claiming to be a 
scientific body,'" was one of the branches of which our present 
Society is composedj and it is at least the original after which that 
branch was modelled/^ He avoided a disaission of niceties, by 
planting himself upon the then undisputed ground that Franklin^s 
Pr&poid of May 14-25, 1743, was the true origin of The Ameri¬ 
can Philosophical Sodetv." * 

Fifty years passed without renewed examination of the relations 
of the Society to the Junto, From May 22 to 26, 1S93, the Society 
commemorated the SesquKCentennial Anniversary' of its existence. 
President Fraley, then a nonagenarian and sightless, in an address^ 
remarkable in its grasp upon the scientific progress of the age, with¬ 
out discussion or even a passing reference to the Junto, alluded to the 
origin of the Society' as springing from Franklin's Proposal of 1743, 
and staterl that in Franklin s view that was a favorable time for 
bringing the scientific men of the country into unison and to establish 
a Sodety having for its model the Royal Society of London.'** 

No one, among the numerous speakers on tliat occasion, cast his 
ey es back upon the past or endeavored even by indirect suggestions to 
recall the Junto, 

And 50 the years ran on, until in 1907, the Carnegie Foundation 
for the iVdvancement of Teaching reported a definition of a date of 
Founding. By Date of F&undingf^ it declared, "" is meaut the year 
in which the institution was eamblished out of which the present 
college or univerrity has developed. Thus the year 17S0 b the date 

^PrecffdiHffs fff The American Fhiiastiphii-al Sacirty, Vol. 111., V. P, 
Patteriun s Discourse, 3-35;. ' ' « 

* of TSw ^titerieaii PhUtuopIiirai SocKty, Vol. XJtXII May 

i»Si 3 . No, 143, pL 1?, ' J 
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of the foundation of an academy at Washington, PennsyK'ania, from 
which Washington and Jefferson College gnew/^ ^ 

This definition stimulaCed inquiries among many institutions, 
arousing a generaJ interest in what may be caLfed corporate genea¬ 
logical researches as to the ancestries of Aitierican iiistitutions claim¬ 
ing to he venerable. The Universit)^ of Pennsylvania, the Pennsyl¬ 
vania Hospitah the 1 ‘hiladelphia Library Company and this Society, 
in particular, became zealous in competitive efforts to establish an un¬ 
doubted Franklin parentage. 

On February ig, igio. Clarlcmagiie Tower, James T. Mitchell, 
Mayer Siilzlrerger, Samuel Dichson. Hajnpton L. Carson, E. P. 
CTieyney, Francis U, Gunimene, W. W. Keen and I. Minis Hays were 
appointed as a Committee "* to investigate and determine the date 
of the foundation of the Society." After four years of dose re¬ 
search, rewarded by the discovery of new matter, consisting of long- 
forgotten letters, diaries, addresses, the junto Minute Book, and a 
carefully compiled Chronological Statement covering the life of 
Franklin between tyay and 179^, an elaborate report was presented 
and read before the Society by Mr. Tower, as Chairman, on May i, 
* 9 * 4 - There were, in point of fact, two reports—the report presented 
by Mr. Tower w-as also signed by Messrs. Sulzberger, Carson, Gum- 
niere, Dickson, Keen and Hays. These gentlemen discussed with 
particularity the old e\'idence examined by the Committee of 1S40. 
as well as the newly discovered data, and reviewed the differences of 
opinion between Mr, DuPonceau and Mr. Fisher. Tlie assumption 
of two distinct Juntos, on which nested the whole case of the older 
Cctiiniittee, was held to he untenable, and the opinion w'as reported 
that jy.v was the date of the foundation of this Society, Professor 
Cheyney, in a separate report, while agreeing with the main conclu¬ 
sion tiiat the origin of 1 he American Philosojihical Society should be 
carried back to the Junto founded by Franklin in tysy, was unable 
to agree with one section of the rea.sotiing by which the result liad 
been reached. He argued in favor of the two forms of Junto, and 
urged that while it might be fairly claimed that The Philosophical 
■ Society was derived from the ancient Junto, yet it was through a 
younger branch. 

^S«o^ Report of President and Treasurer of Carnegie Kuundatign, 
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Tliesc views were reconciled by a Jaupplementnj report sigtied bv 
all nine meml>ers. Professor Chcyney attached his signature, and the 
name of Chtef Jnstice .MitcheJJ appeared for the first time as approv¬ 
ing the report as recast. The findings of the entire Committee were 
stated as follows: 

The question whether Franklin w-^ in a proper the founder of oar 

SHDcicty is not tti doubt. He fuunikd The Amqn’can Phtlosophicai Society of 
174^ He founded the Junto of 1727, The d^vdopment of u junior Junto 
it sibch a Thin^ oceurred—was unquestioiiahly due to the impetus of the 
otder Junto; and the chan^sc of the local Junto into a Society whkh included 
correspondliiit memhers from o[hcr colonies a mere hroad^m^ of Its pur¬ 
pose. Ill the sense of the ruling of the Carnegie Founcimiem it is clear that 
when Frankhn founded his ori(dnal Juntoy be became chc fwinder of the Ameri¬ 
can Society. He is admitted by all to be the founder of the Fhilosophjenl 
SnKicty. Qnr Society dierefore owes its origifi to him on both, sides.*'* 

It is not likely that a concilia ion so delilwrrately reached will ever 
be disturbed. Apart from die |iatietice and the time expended in 
research, the personnel of the Cominirtee was untistial The Chair¬ 
man, an Ambassador of the United States to the Courts of Vienna, 
St Petersburg and Berlin, was the biographer of Lafayette; the 
other memlwrs of the Committee included the Chief Justice of Penn¬ 
sylvania and the President Judge of a Court of Common Pleas; two 
acti\*e trial advocates at the bar, one of them a former Attorney 
General of Pennsylvania; two eminent teachers of history, one of 
them a Professor in the University of Pennsylvania, the other a Pro- 
fes.sor in Bryn MawT College; a W'orld renowned surgeon, the Presi¬ 
dent of the Socie^, and the indefatigable Secretar}' of the Society'^ 
w hose exact knowledge of Franklin literature was unrivalled. All of 
them were nten zealous in the jmrsuit of historical facts, skilled in 
analytical examination, exjierienced in the sifting and weighing of 
evidence, cautious in the formation of optnions and jealous in guard- 
the reputation 01 the Society against indiscreet publications. Xone 

^ Ati Historical Account of the Ori^n mid Form^iina of The American 
Phifoiophical Society Held ^t PhiiadcJphia For Promoting Useful Knowledge 
by Peter SiEphca DuPunec^u, Prestdcul of the- Sockity, with the Communica-- 
liofi of J, Francis Fisher, Emi.. aiid the Report of the Committee lo which these 
Papers were Referred, Rc^d October isiti, 1341. Aud the Report of The Com- * 
mittce on the Dite of the Foundatrofi of the Society^ Accepted Msiy j, 1014. 
Philadelphia. The American Philosophical Society, 1914. OcLavu—pa^es. 
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brou^:ht to the study of ibe problem preconceptions of the resuJtt and 
none subscribed to the final report with mental reserv'ations. 

It had been demonstrated that the American Philosophical Sodet^^ 
was the oldest learned Society in America^ and one of the oldest in 
the w^orld. In tracing its origin to Franklin's famous ” it 

had vindicated the declaration of its andent charter that its objects 
were The prosecution and advancement of all useful branches of 
knowledge, for the benefit of their country and mankind/" 

To no meml)er of the Committee, may 1 not say of the Society?, 
did the significance of this report appeal so strongly as to Dr. Hays- 
Famtliar in an iniensive sense with the career ot Franklin, touching 
daily for years with his own fingers and reading with his owm eyes 
the originals of the documents and letters of Franklin in the posses¬ 
sion of the Sodety^ the largest and most precious deposit of such 
material in existence, he had l>ecome thoroughly saturated with a 
knowledge of the man and of all the phases of his astonishing oireer. 
In the course of time he became a Franklin w'orshipper, and regarded 
the Society, actually as well as historically, as the enibodiment of his 
sdcntific spirit. With no selfish desire to exploit himself, he laid 
aside all other ocaijiations and devoted hfs time, his strength and his 
persistent energy' to building up and fortifying the Society, as an 
active instrument in support of Franklin^s far-reaching plans. One 
of our feIloiv-mem 1 >ers, who knew him well, has expressed it in an 
epigram: “ Dr, Hays' life w-as an ellipse with Benjamin Franklin and 
The American Philoso[^iical Society in the 2 foef/"^ This is the 
key to Dr. Hays' work in our behalf, and it is eminently fitting that 
we should meet tonight to pay just tribute to liis labors, 

Tlie paternal grandfather of Dr, Hays w-as Samuel Hays, a 
wealthy merchant, who, coming from New York, married in Phila¬ 
delphia, in 17P4, Richea Gratz, whose father and uncle. Michael and 
Bernard Grati, were Signers of the celebrated Xon-lmportation 
Agreement of Xovemlver 7, 1765, The sister of Mrs. Hays was 
Rebecca Gratz. the lifelong friend of Washington Irving, who fur¬ 
nished to Sir W'alter Scott so captivating an account of her beauty 
and character tliat the great novelist made her the heroine of Ivanhoe. 
Isaac Hays, bom July 5, 179G, the son of Samuel and Richea 
^ Dr_ Wf W, Kcets in a letter to the writer. 
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(Grau) Hays, married* at the mature age of thirty-eight years m 
1834, Sarah Minis of Savannah^ Georgia* whose ancestors had come 
to America as personal friends of James Oglethorpe to help him 
found his colony * which was the last of the original Thirteen. The 
grandfatlier of Sarah Minis, Philip Minis^ ■w'hs the first white male 
child horn in the colony of Georgia * 

Isaac Hays^ the father of our late Associate^ after having been 
classically educated in tlie school of Kev, Dr. Samuel B. Wylie, and 
the Department of Arts of the University of Pennsylvania, rose to 
distinction in the medical profession. His career, from 1820 to 
iSyg, was marked by devotion to Natural Science, and to the high- 
est interests of Medicine. He Vp’as the editor in 1828 of Wilson's 
Amcrkan Ormihology, and ivas the correspondent of Prince Charles 
Luden Bonaparte, himself one of the most eminent of ornithologists. 
Isaac Hays made his mark as a member of this Society as early as 
1831* by reading a jiaper upon the Mastodon GigatUetts, which was 
favorably commented upon by Dr. John C, Warren of Boston as late 
as 1S52. In 1865, he became the President of the Academy of 
Natural Sciences, and was annually rejected until advancing years 
persuaded him to retire, io his professional life he made 

a special study of the eye, and published several papers in the Phih- 
dclphia Jourjial of the Medical and Physical Stiejices^ which* as Pro¬ 
fessor Alfred Stille has asserted* “laid the foundation of the high 
reinite which Dr. Hays afterwards attained as an ophtlialmic surgeon, 
and probably determined lu's selection as one of the first surgeons of 
IFills Hospital in 1834.'"* In fact, he invented one of the delicate 
instruments used In performing operations for cataracl, wdiich is still 
called " Hays' Knife/" Jt was* how^ever, as the Editor of The Ameri¬ 
can Jounial of iht Medical Sciences^ from 1S27 to 1S79* a period 
of almost fifty-three years* that he performed his most important 
services. He gave to tliat work “ a cosmopolitan character which has 
constantly become more perlect, and which was never tarnished by 

* These particulars were furnished by Mrs. Caspar Frcdcrcck Goodrkh, tlae 
daughter of Dn L Minis Haj-s. 

• Memoir ef Isaac Hays^ M.D., Read before the CoHcse of Physidans* 
February 4, 16S0, hy Atfred Stilte* M.D., LLD. TruFUffc-f jowj, jd Sertes, 
Vol. V. 
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his negligent or indiscrEtion-"Dr. Billings, in his Centennial 
History of American I,itenature," described the Joiimai in these 
words: 

" Tlic ninely’Seven I'vIunHi of this Journal need no eulofiy. They contain 
many origiiia] papers of the highest value; nearly all the real criticlsins and 
reviews that we pusscas; and such carefully prepared auinmariea of the progress 
of medical science, and abstracts and notices of foreiRO ivnrks, that from this 
file alone, were all other produettotts of the press for the last fifty years 
destroyed, it would be possible to reproduce the great majority of the real con¬ 
tributions of the world to medical science dtiring that period.'' rt 

In the work of this Jouniai Dr. Hays was aided by his son. Dr. 
I. Minis Hays for a period of ten years. 

Having, by way of introduction, glanced at tlic main influences 
which shaped the character and animated the efforts of the late Sec¬ 
retary of this Society, wc are now prejared to follow with under¬ 
standing the particulars of his unobstrusive but most useful anti 
fruitful life. 

Isaac Minis Hays, or, as he was better known, 1 . Minis Hays, 
was bom in the City of Philadelphia, July 26, 1847. .Although he 
was five years older than the present speaker and therefore one of 
the bigger boys at school, I well rememlwr him in the upper classes 
as a tall, thin, studious-looking Jad at the Classical Institute of that 
very able but old-fashioned teacher, addicted to the use of the rod, 
the late Dr. John W, Faires, of fragrant memory. 1 do not remem¬ 
ber him at College, as he had graduated from the Department of 
.Arts of the University of Pennsylvania in 1866, but I recall him as 
a frequent visitor with his father to my father's house, and such 
was the intimacy Itetwecn us that he never resented being called 
" Minis " by a younger boy. To the day of his death he w-as my 
close and confidential friend. We had many interests in common 
and throughout life, and although we had many differences of 
Opinion, our mutual regard was unclouded. 

He received his medical degree from the L’niversity of Pennsyl¬ 
vania in 1S6S, and that of A.M. in f869. In the latter year he 
came assistant editor of The American Journal of the Medical 
Sciences, eventually succeeding his father to the editorship in 1879. 

Ibid, p. 16. 

** As qatited by Dr. Stillc in his Address. 
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ii position which he held until 1S90. He also edited the Mcdkal 
iVc 7 vs from 1878 to rSSg. His specialty was ophthalmolo^^ and in 
this don'lln he wrote several articles. As early as 1873. he edited 
the American edition of /. Soi^ibcrg Treatist^ f!w Diseases of 

Htc Eye^^ 

In 1S76, during the time of the Centennial Celebration of our 
Independence^ he was Sdcrctary-General of the Intemalionai Medical 
Congress which met in this dty. He was active for many years as 
a member of the Association of American Physicians* and for tw^enly 
years was Chairman and member of the Librar>' Committee of the 
College of Physicians of Philadelphia. 

We are now to view him in a field of distinction which he made 
peculiarly his own. \\'e hnd him gradually withdrawing from his 
medical environment and entering one w^hich brought him into close 
contact with men of all callings and professions promoting improve¬ 
ments of a public nature which^ in the noble language of the preamble 
to the charter of this Society, are best carried on by Societies of 
liberal and ingenious men* uniting their labours, without regard to 
nation, sect or party, in one grand pursuit, alike interesting to all, 
w-hereby mutual prejudices are w^om off, a humane and philosophical 
spirit is cherished, and youths are stimulated to a laudable diligence 
and emulation in tlic pursuit of wisdom,"' 

The first tw-enty years of his life following the taking of his 
medical degree were but pre|jaratory for the tasks he was then to 
assume, and his preliminary training, although highly specialized, 
w^s well adapted to nurture his later intellectual development. His 
long association wfiih his father and his owm responsibilities as an 
editor had brought him into familiar touch with all treatments* dis¬ 
coveries, instruments, operations, remedies and devices affecting the 
larger interests of medical science and surger}':, closely allied w^ith 
liotany, chemistry', pliarmacoJqgy' and medical jurisprudence and toxi¬ 
cology. The learning of the medical w'orldj overleaping national and 
local barriers, sought the pages of the Amenean Jouritcd of the 
Medical SrrciicM and earned either recognition or criticism. The 
broadening effect of such an experiertoe was inescapable. So too* 
his training as a librarian disciplined him in the arrangement of 
Jmrftal ^f€d. Sciences, July, 1925, Sketch pf Dr. Hays.* 
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books, the classification of subjects, the collection of material, and the 
dissemination of knowledge. So too, he learned the importance of 
discussion, and the value to be derived from Congresses of experts, 
assembled to announce the results of special investigations or to de¬ 
bate and criticize prevalent theories and practices. 

It TA^as on February 19, 18S6, at the age of thirty-nine years, that 
he became a member of this Society, under the Presidency of Fred¬ 
erick Fraley* and continued as such under the terms of Isaac J- 
Wistar, Edgar Fahs Smith, \V, \\\ Keen and \\ illiam B. Scott. His 
membership number was 2,071, the list being headed by Franklin in 
1769. Since Franklin's day we have liad to date 2,879 members. It 
was not long before his peculiar talents were perceived and availed of. 
On January 1897. he became Secretary, retiring from the office 
of Senior Secretary May 1, 1922, a continuous incumbency of 
twenty-five years. During the year 1S97, he served as Librarbn pro 
became Librartati on January^ 21, 1S98. retiring May i, 1922, but 
serving as Chairman of the Library Committee from that date until 
his death June 5, 1925. 

His was not a disposition to sit in an easy cliah in a sunny corner 
and browse upon the dustj' volumes that chance threw in his way. 
He immediately set to work to discover what treasures we possessed, 
whether books, manuscripts, documents, pamphlets, letters, ^jortratts, 
engravings or curios^ illustrative of our history as a nation, a state 
or a citv\ or our development as a Society in enriching the literature 
of scteuce in its broadest sense. He fonnd an incongruous and fU- 
assorted mass, disorderly, inaccessible to students, unappreciated in 
its extent, variety and value, in danger of perishing from neglect and 
decay. With a passion for order, with a tewrenoe for the past, with 
a high sense of duty to the present and to the future, and with a 
phy-sical energy' that knew not fatigue he addressed himself to the 
performance of a task that might well Itave discoumged a less ardent 
spirit Year in and year out he toiled indefatigahly, and the results 
have l>een not only gratifying but also surprising. 

With a zeal as intense as that o£ a propagandist he fell that it 
tt'as Franklin's Society, and that he was aiding in Franklin's work. 
It was a fme thing to be sustained by such an enthusiasm. He re- 
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vealed to m our tr^sures. Among these the unrivalkd deposit 
of what proved to be about eighty per cenL of ah the known originals 
of Franklin documents ; the Jefferson draft of the Declaration of 
Independence in liis own liandwriting, being the original autographic 
copy which Jeffersou had sent to Richard Henty Lee of Virginfap in* 
terlined with amendments made by the ContinentaJ Congress; an 
Original broadside of the Declaration, so scarce that no record can he 
found of its public salej tbe original Charter of Privileges granted 
to the colonists by William Penn in lyoi; Penn's Cash Book and 
many of his important papers, as well as some belonging to his Sec- 
rtftarj'p James Logan; a manuscript volume of the original or certi¬ 
fied copies of the Laws of Pennsylvania prior to 1700—containing 
the only known copy of the earliest law's; the original manuscript 
minutes of the Provincial Council of Pennsylvania from 1693 to 
1716; the original 18 note-books containing the field notes of Lew'is 
and Clarks expedition for the exploration of the Northwest in 
1804-06; a set of the fndtau treaties of Pennsylvania; manuscripts 
relating to the Stamp Act and Kon-lmportation Agreement; liODk$, 
broadsides, pamphlets aud imprints relating to the entire Colonial and 
Revolutionary^ period; Priestley's manuscript of 17S3, ZeisbergePs 
manuscript on the language of Lenni Lenape or Delaware Indians, 
and the Minutes of this Society practically complete and continuous 
from the year 1750 to date; affording material for a history' of science 
in America which cannot he found elsewhere.** 

His feelings on unearthing aU these must haveiseen closely akin 
to those of Sir Flinders Petrie in far distant Egy’pt. It wras elation 
and not vanity that gave to his smile a self-conscious iookj^ and im¬ 
parted to his stride, as he walked f rom his desk to our vaults to pro¬ 
duce his exhibits, a pride that w’as more than personal 

He w'as not a collector nor an acr^uisitor. He wiis an investigator, 
a curatorp an interpreter, and expositor in entire sympathy with the 
remark of Nigel, the Baron of the Exchequer of Henry 11. who once 
exclaimed: "'Know Sire! that buried learning, like buried treasure, 
yieldeth no profitThe objects that Dr. Hays brought to light and 

Fcr an illttstrat^d descriptioa qI these and dther articles 5ee “ A Flea for 
the Amcrkan Philesop^ical Society and its Keed of a New Building to be 
known as Franklin Hqosc." written by John Frederick Lewis, Esq.* 
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taused to be knowtt to the learned had long belonged to the Socict)-. 
'riiey had not been bought nor acquired at auction sales. They were 
the rich gifts of public-spirited, patriotic, and generous men and 
women who laid aside individual pride of possession for the public 
good in the days of Rittenhoiise. Jefferson and DuPonceau. They 
had been lost sight of and forgotten. They needed recognition, iden¬ 
tification, description, editing, classification, arrangement, protection, 
binding, indexing and cataloguing. All these things were done and 
well done, with intelligence and thoroughness. 

So much for a general view. Let me now enter into some partic¬ 
ulars gleaned from the Minutes, although it is impossible to do more 
within the compass of this address than to touch briefly the salient 
points. In this connection, 1 wish to acknowledge publicly my obli¬ 
gations to Mrs. Arthur MacNicholl, who, as Miss Kirkpatrick, was 
Dr. Hays’ Secretary, to Miss L. E. Hanson, and to Mrs, .Alexander 
U, Skinker, Assistant Secretary, for iur-aluahle assistance in compiling 
this material. 

His early acts were characteristic. While serving as Librarian 
pro Uut, in 1897, he asked for and secured an appropriation for 
catalogues and a catalogue case, as well as for hinditig, and arranged 
exchanges of the Society's publications with those of other bodies 
for the benefit of the library . He suggested a memorial to Congress 
protesting against the proposed removal from the free list hv the 
pending tariff bill of books, instruments, philosophical apparattts and 
works of art imported for incorporated libraries and other institutions 
of learnii^. He secured the appointment of a Committee to con¬ 
sider and report upon the advisability' of the Society's publishing a 
Calendar of the Franklin Correspondence in its possession, and also 
to consider and report on the historic relation to the original docu¬ 
ment of tlw manuacript copy of the Declaration of Independence in 
Jefferson's handw-riting in the possession of the Society. He called 
the attention of Dr, Stone, the librarian of the Historical Society, 
to the manuscript volume of the Laws of the Province of Pennsvl 
vania passed prior to November 1700, which in due course vras 
brought to the notice of the State Commission engaged in publishing 
the text of the Statutes at Large, He secured also the appointment 
of a special committee to examine the historical manuscripts and early 
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American imprints in tile Library flf the Society and report as to 
what action k would be desirable to take to render them available for 
historical study. 

The next year he became Librarian and so cnntirmcd until May, 
1922. During 1898^ he presented the results of the exaniiriatbn of 
the historical documents and imprints and furnished a complete list 
of manuscripts. He secured a report from experts as to the proper 
measures to be taken to preserve the Jefferson Ms. of the Declaration 
of Independence^ and verified the text by a comparison with the 
original Docunient m the Department of State in Washington. On 
April I, 189S* he read "A Note on the History of the Jefferson 
Manuscript Draught of The Declaration of Independence/* w*hich was 
a masterpiece of historical descriptive analysis, deserving of the 
widest publicity as a means of correcting tlie errors indulged in by 
hastj’ writers^ and even by eminent historians. Two weeks later, he 
read a paper entitled ** A Journal kept During the siege of Fort Wil¬ 
liam Henrvv August 1757.^* In December, he presented his first 
report as Librarian, w^hich unfortunately remains unprinted, but which 
appears upon the Minutes, displaying how Judiciously he reorganized 
the librarj" and made it available for consultation. It illustrates his 
skill in bringing order out of chaos. 

In 1899, he secured the more frec|uent publication of the Proceed¬ 
ings of the Society, which furnished a more prompt and attractive 
merliurn to authors tlian had theretofore prevaded. In 1900, he read 
a paper entitled " A Contribution to the Bibliography of the Declara¬ 
tion of Independence/' This, too, is of [jermancnt value, and should 
be consulted by cautious students. At the same time be aided in the 
foirnulatiDn of rules to regulate the manner of noticing the deaths pf 
members* 

We now approach his of^us. Such had been his dili¬ 

gence that towards the close of the year 1900^ he was able to report 
tlial the arrangement of the loose Franklin papers has been com¬ 
pleted. Two folio volumes have been bound, w'hich makes in all 17 
volumes bound and added to our Franklin collection. Work has been 
begun in repairing and mounting the 59 volumes of Franklin papers 

** Both of ihe above papers by Dr, Hays are prinled in the Pr&cetdtKgs of 
the American Phihsophieai Saeiety, July, Vol. XXX VII. Na ijy. 
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which are deteriorating in their jsresent condition. This important 
work is being done in such a way that it is E^cheved that it will last as 
long as it is possible to preser^ie Mss/^ 

In the following six years he superintended the mounting of all 
our Franklin documents in i jy voltimes+ strongly bound in red turkey 
MoroocOp constituting about So per cent, of all known originals. The 
letters to Franklin occupy volumes i to 87: the l.jelters by Franklin 
occupy volumes 87 to 137. All are bound up in large foliq size. Be¬ 
sides these there are 8 volumes of Letters to and from William 
Temple Franklin. 

All these were utilized by Professor Alljcrt H, Smyth in waiting 
his Life of Franklin, and in editing his authoritative edition of 
Franklin IVriihujs in ten volumes, octavo. In his Preface, Professor 
Smyth asserts: 

The American PhitosophtcaJ Society is the deiMsilary oi the most vmEqabSe 
^rtion of Fraiiklin*a Maiaustripts. It W an iintnen^ colIrctJon. The stoutest 
h«rt minht wetl be aitpalfnl by ihc volume aiKt range o( these 13.000 Jociiments, 
comprising a o&rresporidcTicc carried on in niiic languages with all the world, 
and dealing with every theory of philosophy and every scheme of politics 
familbr and unfamiEiar in the eighteenth cenitiry. I am deeply indebted to the 
custodianii of the public calicctioni of Franklin's papers. Chief of ah stands 
Dr. 1 . Minis Hays, the Librarian of the AmericaTi PbiTosophkal Society, from 
whorn came the first .suggestton o[ this undertakinjr, and who has never failed 
to further its progress by encouragement and fruitful suggestion. It is clue to 
his pride in the Philosophical Society's possession of the Franklin papers ajid 
to his urgent enthu-^iasm and unsleeping car^ they have been admirably cEasstfied 
and calendared and made easily available to seholars/" 

In 1904, Dr. Hays published " The Chronology of Benjamin 
Franklin," and a second edition appcaretl in A competent judge 

lias pronounced this work to be “the best epitome" of Franklin's 
career that he has ever seen, and added “ Our knowlee^ of Franklin 
as a personality owes much to the historical researches of Dr, Hays." 
In 1908, there appeared in five noble volumes the “ Calendar of the 
Papers of Benjamin Franklin in the Library of the American Philo¬ 
sophical Society," as arranged by Dr. Hays. The magnitude of these 
tasks and the perfection of their execution can be appreciated onlv 
by those who lake the pains of personal examination. 

In April 1903, Dr, Hays, who always planned in advance with a 


c 


xix 


OBITUARY NOTICE OF (. MINIS HAYS. 

sufficiently ample margin of time to assure success, called the atten¬ 
tion of the General Annual Meeting to the approaching 20Oth anni¬ 
versary' of the birth of Franklin^ which ivould occur in Jantiaiy^ 1906+ 
and niDVed that proper steps be taken to commemorate the occasion 
in a befitting manner. A committee of twenty-six membersj, includ¬ 
ing many dislinguislied names^ was appointed- An admirable pro¬ 
gramme WPS arranged, the celebration lasting three days, in which the 
University of Pennsylvania, the Franklin InstitutCp the Pennsylvania 
Hospital, the Philadelphia Library, the Academy of Xaturaf Sciences, 
and learned bodies throughout the world participated by representa¬ 
tion. President Fliot of Harvard^ the Honorable Joseph H. Choate, 
Dr. Horace Howard F’urness, Hon. Elihu Root, and other well-knowm 
speakers delivered notable addresses. The memorial volume appeared 
in 1906, and preserves in dignified form the utterances of Franklin 
eulogists. 

Dr, Furness discoursed on Franklin as a Citizen and a Philan¬ 
thropist ■ 

President Eliot on Frankbn as a Printer and PInlosoplier 
^f r. Clioate on Franklin as a Statesman and Diplomatist ; 

Mr Carson on Franklin and His Relations to the University of 
PennsyK'ania 

Professor Xichols on “ Franklin*s Researches in Electricity 
Professor Rutherford on ” Modem Theories of Electricity and 
their Relation to the Fratiklinian Theory/' 

Andrew Carnegie, Lord Rector of St, Andrews, presented an Ad¬ 
dress^ which w^s followed by Addresses from Sister Societies and In- 
stitutipris of Learning, both at home and abroad. 

Mr, Root, as Secretary of State, presented to France the gold 
medal authorized by Congress, w^hich w»as received by the French 
Ambassador to the United State, x\Iom, J, J, Jusserand. 

Such was the general Interest in the Franklin Bi-Centennial tliat 
the Legislature of PennsyUrania appropriated ^25,000 to the American 
Philosophical Society' for the purpose oE defraying expenses^ and 
Congress directed the striking of a gold memorial medal. France 
erected a bronze statue of Franklin in Paris in the Rue Franklin, 
and the banker John H* Harjes fonvarded to Dr, Hays two cases 
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containing replicas of the bronjte plaques inserted in the pedestal of 
the statue. 

So energetic a part had Dr, Hays taken in promoting the success 
of these various exercises that a resolution of thanks by the Sodet^^ 
w'as adopted by a standing vote on April 20 , 1906^ and a loving cup 
and scroti were presented to him by his friends at a luncheon given in 
his honor at the University Qub. The gift ^as a complete surprise, 
but it gave pleasure to the recipient to show it in after years to his 
intimates as one of his most valued possessions. 

While the Minutes of this Society reveal that it was on the initia¬ 
tive 01 i)r. Hays that the many steps were taken to preserve the 
relics and works of Franklin atid to do honor to his memory, yet he 
did not obtrude himself upon the public notice. Me was well aware 
tliat bis gifts were those of an organizer and not those of the plat¬ 
form; his associates, and they were tuimerous and able, well knew 
that his was the driving force that kept the machinery in motion. 
The future students of the Franklin period* if they delve to sufticient 
depths will acknowdedge their indebtedness to lus patient and thorough 
labors for exact knowledge ot details w^hich w^erc unknowm ip or 
escaped the attention of Pa non, Bigelow and other popular biog- 
Taphers of Franklin. 

So completely possessed did Dr, Hays becoine of a Franklin 
adoration tltat he conceived the idea of the erection of a pern^nent 
memorial to be known as Fmaklin House^ to be the home of this 
Society ^ Ln which there should be a room devoted to the public dis¬ 
play of the relics possessed by it of its illustrious founder. To ihi^ 
end Mr, John Frederick Lewis prepared and had printed a handsomely 
illustmtcd ** Plea for the American Philosophical Society and its 
Need of a Xew Building to l>e known as Franklin House." Suc¬ 
cessive efforts were made to induce the Legislature, under sev^eral 
Governorsp to appropriate a sum suftident for the purpose. In 1908, 
the Senate of Pennsylvania unanimously passed a bill appropriating 
5^350,000, but it failed to be reiioried Ijack to the House for action 
before the adjournment of the session. Subsequent efforts, although 
strongly and eloquently urged before Legislative committees, failed of 
adoption. 

In 191 f. January 6th, Dr, Hays moved that a Committee of five 
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members, with the President and Treasurer er officio, be appointed 
“ to consider and report upon a site for a New Hall of the Society- 
Strong opposition was encountered from those reluctant to leave the 
ancient hall with its precious associations. The debates were fre¬ 
quent and animated, bat finally the view prevailed that to stay in 
the present inadequate and dangerous quarters, too small to house 
our library, too combustible to safe, too much of a menace to 
Independence Hall, too incapable of enlargement, too fatal to the 
hopes of growth, was to stifle the soul of Franklin’s projects, and to 
abandon all reasonable expectations of continued usefulness. An ad¬ 
vantageous contract was made under Mayor Rcybum's administra¬ 
tion with tbe City of Philadelphia for the exdiat^e of our present 
building for a splendid site on tbe Parkway at Sixteenth and Race 
Streets. The arrangeiuents have been nearly perfected, and the 
dream of Dr. Hays of a Fratiktiti House is shortly to be realized. 
The conservatism of Dr. Hays, at times irritatingly stubborn, yielded 
in this particular with wise alacrity to a statesmanlike vision oi the 
future, demanding ample room and verge enough ” to carry on the 
Proposal of Franklin for Promoting Useful Knowledge. Sites must 
sometimes be abandoned and old buildings razed, save only the hal¬ 
lowed shrines of American Freedom, if “ liberal and ingenious men" 
are to stimulate youth " to a laudable diJigtnee and emulation m the 
pursuit uf wisdum/' 

In close relationship to the labors which have been reviewed, 
aptly qualified by his previous experience as an editor of the writings 
of medical specialists. Dr. Hays edited with scrupulous care all the 
volumes of FToccedinc;s from 1S9S to 1^22 in 34 volumes, octavo, 
and Tramactians of the Society from the year 1898 to 1924, inclu¬ 
sive in 3 volumes, large quarto. These publications embrace within 
that period 27 volumes of an average content of 500 pages each. 
13.500 pages, and constitute the articulate organs of expression of the 
aggregate thought of the Society in reaching the scientific minds ot 
the civilized world, i hey fully sustain the repatation of the Society 
as a learned Ixxiy. taking rank with the foremost of those most dis¬ 
tinguished as active disseminators of knowledge, whether at home or 
abroad. So varied, minute, and extensive are they in character, that 
no history of this Society can lie prepared, in fact no history of 
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Aniericati scientific tiioiight would Ijc complete, without a careful 
analysis of their contents. It cannot be pretended, nor even intimated 
that Dr. Hays knowledge, great though it was, compassed this in¬ 
finite variety,” but the .supertntendance of the publication of the 
papers to the satisfaction of each contributor, accompanied, as manv 
papers were, by diagrams, drawings, majM, statistical tables, and iJIus- 
irations. required paliencte, tact, diligence and care, not only in an 
extensive correspondence, but also in the reading and correction of 
proofs and in practical knovilcdge of typography. Of this indispensa¬ 
ble art Dr. Hays was a consummate master, and generously assisted 
those utiinstructed in such details. The I^tter-liooks of the Secretarj- 
and Librarian for this period, iSy8 to 1922, run into thousands of 
pages, contained in y6 books of an average of 500 letters each, 
in all, and by their dates indicate how promptly maintained was the 
correspondence of the Society. 

The most signal service rendered hy Dr. Hays in keeping the 
Society abreast of the times and conspicuous in the eyes of the 
learned, was the institution of the .-/mujoiI C’cjifrtj; Meeting. The 
ilinutes, under date of May yth, jgoi, disclose as follows; 

Dr. Hays nioi'ed the folbwinK prEambles and resnlutiqns ; 

Wni-XEAS the .American Philasci|ihical Sacicty is and always has been a 
Socteiy of iiatinnal scope, whose place of meeting was ori^nally fixed at Phila¬ 
delphia for reasons of convenience bow less potent than formerly, and 

\V KE3tEAS the Krow-di and w«le extent of onr country and the muEtiplicatJon 
of local SDciciics tend to licep from our rcmilar meetings those members who 
do not reside within a short distance of PhitadeTphia, ami 

W'HEhEAS It is desirable that measures be talcen to bring the dLstant members 
into more active participation in the work of the Society, therefore be it 

/fr^Wsrrd. that a COttimiltcc of five Sc appointed by the President to consider 
the advisability, and if deemed advisable, to arrange tor a General Meeting at a 
time most eonvcnicni to all the members. 

That this tiieeting shall Cover one or more days as may be considered ad- 
visable. and it is hoped that the high scientific eharaetcr and broad interest of 
■he jwpers to be presented shall ensure the fair attendance of a good proportion 
of distant metnliers.—Adopted. 

191^. member {. Dr. Hays offered the following: 

Sr^ok'fd that until otherwise ordered the President be anthorieed and 
directed to appoint annually a Committee of five members together with the 
Secretaries, with power to add to their numlier. to arrange for a General Meet- 
mg to he held in each year in the latter half of the week in which the third 
Tuesday in April falls.—Adopted. 
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The date thus fixed was so arrafi^ed as to fit in felicitously with 
the annual meeting of the National Academy of Sciences, meeting in 
Washington, appropriating to ourselves the latter part of the week, 
to be followed the next week by the Academy, Thus we secured an 
attendance from all parts of the United Stales, and sometimes of visit¬ 
ors from abroad. The significance of this General Meeting is best 
described in the words of President Scott, uiJOn the retirement of Dr. 
Hays from the Secretariat: 

It is difficult to ufidcrsiand what the Society can do without Dr. Hays 
far he hai been its mainspring and drivinir force for years past. The Society 
was in a moribund, or at least comatose, cemdition when he began his worV; and 
Dr. Leidy about that time described it to me as an exampk of * how a Sockty' 
that pretended to demand some measure of distinclirin from lliose wlwm it 
etected to membership, was doomed to stciilily and inactiviiy by that very' fact.' 
Now' this has all been chajiged, and the .Annual General Meeting of this Society 
w^hich w'as inaugurated On Dr. Hays' suggestion is !iinivcr5a[ly regarded as of 
great importance. The late Proiessor Pickering, w'hen a Vice-President of 
ibis Society, nnee remarked irotn this Qtair that this anmaal meeting had be¬ 
come, in his opinian. the most important and most interesting scicrUific event 
of the year,. Alt this wc owe to Dr. Hays, and it is fitting ihat the Society 
should recognize his valuable services." 

Son>etmies, the Gtnerul Meeting \s^s associated with an anni¬ 
versary' of world w^ick recognition. Thus, in April {2^, 24) 1909, 

a part of the nweting viras rei^rved for a cekbraiion of the Centennial 
of the birth of Cliarles Robert Darwdn, a member of this Society, and 
the semi-centennial of the promulgation of his tlieor>' of the Origin 
of Sp€?cie.s/' At the same time the greetings of the Society were ex¬ 
tended by cable to Sir George Dalton Marker and Dr. Alfred Russell 
Walhice, the friends and collaborators of Darwin, then still alive^ 
and both of them members of this Socset)'. 

Sometimes the regular monthly meetings vrere marked by special 
progr^imes. Thus, Nansen wa.% received, and delivered an address 
to a crowde<t hall, I can recall the sturdy features of the Norse¬ 
man with shaggy head and Ijeard and modestly undcconited bosom in 
contrast w’ith Admiral Melville, wdio fairly blazed w'ith ribbons atid 
medals and buttons. Beside them, sat \Vayne MaeVeagh^ W'ith 
.scarlet necktie, and Samuel Dicksi:Fn and George F. EdmundSj^ with 
white liair and flowing white beards, whose dignity of mien suggested 
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what the Gauls must have felt wheti first they saw the Roman Senate 
upon the invasion of the Imperial City. So too, I recall the notable 
meeting called to listen to a paper hy John Kassett Moore, upon the 
meaning and scope of the phrase CoMmbatid &f tVar, followed by a 
discussion by Judge George Gray and Frederick R, Coudert, the first, 
the most renowned of American authorities In International Law. and 
the remaining two most competent to follow. So too, I recall an 
enlivening evening devoted to a discussion of IVatfr, participated in 
by physicians, surgeons, alienists, and even members of the Bar, from 
winch the uninstracted laymen learned that 90 per cent, of the human 
brain consisted of water, and that too in pre*Volstead days. 

Sonve of the minor activities of Dr. Hays were as follows: As 
Librarian he discovered some duplicates of books, pamphlets, im¬ 
perfect impiints, or unavailable copies of manuscripts, and these with 
the approval of the Library Committee he sold, the jjroceeds etab- 
lishing the funds known as the Benjamin Franklin Fund, the Thomas 
Jefferson iJbrary Fund, the Joseph Parker ^^orris Fund and the 
Robert Proud Library- Fund. I have been informed that bxtt for 
the vigilance of Dr. Hays these luniis would have never been 
established. 

In attendance upon the meetings of the many Committees of which 
he was a member. Dr.-Hays was punctuality Itself, and it is remark¬ 
able to note that in the many years he was Secretary, there were less 
than lialf a dozen meetings of the Sodty at whicli he was not present. 

In December, 1913, Dr. Hays called attention to the error in as¬ 
signing the marble bust by Hoiidon, possessed by the Society, to 
Lavoisier instead of Condorcet. 

I now exhibit a beautiful specimen of Dr. Hays' skill in diplomatic 
correspondence. L’lJon the accession of Woodrow Wilson to the 
Presidency of the United States, Dr. Hays moved the presentation of 
the following address which was adopted: 

To Hia Eschxelncv 

PresidenE of the United States. 

’ Sir: 

The AiDenraii Phitosophioil Society cx(icnd» Sts cordial conirraltilatiotu to 
you as atie of its fellow members upon your accession to the Presidency of the 
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Unh«t States. Yoo cari^ into public life the klca]? of the scholar and yean 
will show in the New* World, as has been proved so often in the Old, that 
philosophical training, in the best and broades^t ^nse of the term, is a help to 
the practical sEatesman. Yoyr studies in history and political science will 
illuminate your task of gjvinn to ihe Nation a wise oikI strong goventmetih 

It was Montesquieu, the good getitus of the makers of our national Coikstitu- 
tion, who said that for a safe voyage of the Ship of State, the spirit of the Laws 
should serve as compojis, and history should be the chart. This Society con- 
hdently believes that you have at your qommaud this compass and this chart: 
that with yciur hnn hand at the helm the Ship of Stale will safely ride the 
seas^ and that, like those of youf distinguished predecessors In Ltic I^rL'sidtmcyr 
who were ft-s memberSp you will help to make the future history of the Nation 
W'Otthy of Its past. 

Seven times since the founding of the RepubEic ihc American Philo^cphtcal 
Society has had cause for congratulation in the selection of one of its members 
as President of the United Slates. Washingian, Adams, Jeffersoftt Madison, 
the second Adams, Buchanan and Grant were honored names upon its roll before 
the popular vole inscribed them in the list of American Presidents. Tq you, 
the eighth in turn of its members to enter upon this high office, this SocicEy 
extends w^amtesi grecting- 

Given under the seal and in the name of the American Phitosopliical Society 
held at Philadelphia for Promoting Useful Knowledge, this seventh day of 
March, 1913. 

William W. Kezn\ 

Prejitol. 

(StJiL) 

Attest: 

L Mi.VIS HaVS, 

Secrtlary. 

This letter, bandsoniely eiigrtMJScd* w^as presented* pursuant to 
special appointment at the WTitte Hoitse^ to President Wilson by a 
S|>ccial committee, cotbsisring of Dr, Keen, as President of The Amer¬ 
ican Philosophical Societyp I. ^.rinis HaySp as Secretary, and Dr. 
David Jayne Hillp Honorable Eiihu Root* Dr. Charles D. Walcott, 
and Dr. Otto H. Tittman, as members of the Society. 

To this letter the President of the United States replied: 

March 19, 1^13^ 

The White House, 

Washikctov, 

My dCitr D^rior Keen: 

May I not express to yo\i^ and through yim to the members of the American 
Philosophical Society, my deep and sincere appreciatfcHi of the cordial message 


H 

xxt7l OBITUARY NOTICE OF L MINIS HAYS. 

brmjght int from the Sc>cict>’ by you and your associates ihis aftcmcmn? 
Nothing his graiiliod me njorc, L do not know of any association ^hose con- 
flilertcc 1 would rather enjoy. It has been a master of peculiar pride to me 
10 be associated with the American Philosophical Sodely* and that that dis¬ 
tinguished body should feel honored by my elevation lo the Presidency is a 
source of genuine satisfaction to me, 1 can only say m reply to their gracious 
address that I shall hope and strive at alt times to desen-e their ri^spcct and 
confidence. 

Cordially and sincerely yonri, 

Wooiricow WrLSoy, 

Dil Whuam W. Keex^ 

Philadelphia, Pa. 

Dr. Hays was quick in extending s^mpatKy and assistance to 
sister societies in distress^ When the earthquake of 1906 wrought 
such havoc on the Pacific coasts he offered at the General Meeting 
the following resoJutton: 

That the Society has heard with profound grief of the appalling disaster 
that has befallen San Francisco and hs neighboring townSp and dL-$ires to ex¬ 
press its deep sympathy for their cili^rens and particularly for its aistcr Society, 
the Caltfomia Academy of Sciences^ and as a slight evidence of in sympathy 
the Secretartes be instructed to send to the California Academy of Sciences 
a complete set of its “ Transactioni*’ and " Proceedings" as far as the same 
may be available, as soon as the California Academy of Sciences is prepared 
to reform the library^ 


In 1917, when the \’\^ismr Assodationj^ better known as The 
\Vi 5 tar Party* celebrated the Centennial anniversary of Us organis^a- 
tion. Dr. Hays read a paper entitled '* Caspar Wistar as a Citizen and 
Philosopher,” It w^as remembered that he was at that time the 
Dean of the Association and that he had entered upon the twenty- 
first year of his Secretaryship oi this Society. Thereupon, a por¬ 
trait in dfl of Dr. Hays was presented by the Association to this 
Siociety, and it now hangs upon our middle w^all in fit companionship 
with those of our zealous oflictrs %vho have passed from life. 

The last paper written by Dr. Hays was read by him at the Cen- 
eral Meeting in April, *924. On the Authorship of the Anony^nous 
Pamphlet published in London in I76o^ entitled * The Interest of 
Great Britain considered with regard to her Colonies and the Ac¬ 
quisition of Canada and Guadabupe He proved incontestably 
from a comparison of documents, from singularities of expression. 
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from simihrities of arguments appearing at different times, and 
from a knowledge of harcdisTiting that Franklin was the author. 
Thus he ended as he had begun by a votive offering to his idol. 

Let us now turn to Dr. Hays' personal characteristics. 

He w-as by temperatiient strongly conservative; by some he was 
regarded as uliia-conser’^ntive. He was fond of ancient things and 
of ancient ways. He W"3S devoted to a rituaL With an mtimate 
know ledge of the history and traditions of the Society'* and deeply 
imlmed with a reverence for its Founder he loved to maintain the 
formalities and procedure suitable to the dignity of an old-Fashioned 
body. With him the admission of a new meniber was often of 
more consequence tlian to the member himself. He never failed to 
place before the Chair a copy of the By-laopened to page ij, 
and to ^>oint quietly to Hy-Iavv 14, which read as follow-s: 

Tht adinksion of a mcntber uUo the Society $haU be m manner and form 
folio wing, he having hr&t made the payment rci{ijired by ihe laws. Tm- 
mcdiitcly before the reading ot the Minuter be ^hall subscribe the taws in 
tbe Rq|t-book be fnlroduced tp the President, who, taking him by the 
hand, shall say: By Ihf aaUiorily and lu iht twiinf af T/ie PAlifl* 

saf^fiicaS Sacirly ttcid at Phihdftphia far Pramotmg Useful Knou^tedgr, I 
da admit ynu a uieatbtr fftcrefl/. 

As he bad conlrol of the Minute Hook, he could readily exact 
strict compliance with the rule. 

Whenever a vote was to lie taken by liallot^ he ahrays orally 
summoned to the box, in due oriler, by ihe pToi)er official designa¬ 
tion, the President, the Vice-President, the Secretaries, the Treas¬ 
urer, the Councillors, and then the members. lie knew* by heart 
the jS Rules pnescHbing the Order of Business, and never did he 
allow them to he overlooked by an inexi^erienccd Chairman. The 
business was never allowed to be hurried, nor the order inadvertently 
rL'vx^rsed without a whis^jered correction of the Chair. 

So highly did he regal'd the distinctive honor of membership, 
that one of the earliest reforms which he induced the Council and 
afterwards the Society to accept, against much opposition, was the 
rcstriclion to fifteen in the number of resident members to l^e elected 
each year, the selection to be made by the Council from a long list 
of nominees presented in strict accordance w'itli the rules as to quali- 
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ficatioiis, Tl\is Testriction, however well it has wqrked in sustain¬ 
ing: the \'ntue o! oiir blue ribbon, together with the rise of other 
Societies and the formation of other foci of scientific acti^oty both 
in Philadelphia and elsewhere^ has cramped our attendance, es- 
Lx:cially at monthly meetings, within narrow^ bounds. It may lie 
difficult to maintain so severely restricted a membership when iti 
our new Hath CiSpecially if w's should receive considerable pecuni¬ 
ary assistance from alien sources. As our population of elfgibles 
increases, as the discussion of problems deaHiig wuth the mystery' of 
the universe and of man's existence becomes enlarged, and our mem¬ 
bership includes men prominent in medicine^ Uw, Irteraturc, art^^ in¬ 
dustry' and worldly affairs as well as in science in all its aspects and 
subdivisions, it will Ise impossible not to advance in accordance with 
the broad lines of Franklin's sy'mpathies w'ilh human affairs. 

Dr, Hays had comparatively little to do w'ith the selection of the 
persons who addressed the nionlhly meetings^ w^ho for years have 
been selected by a committee, nor did he select those who read japers 
at the Annual Meetings titat task being entrusted to a very large com¬ 
mittee being divided into sub-committees on each subject^ each sub- 
committee being held to the responsibility of seeing that each de- 
partmetit of science or scholarship which it represented should be 
duly and adequately represented on the programme, but ** he w-as 
always fertile in suggestions in the meetings oE the General Qim- 
mitteCp especially as to the topics for the annual Sy-mfu^siurn w-hich 
would be most likely to appeal to the lay public/' 

In prciJaring this address, I Itave freely used material supplied 
to me by his colleagues, for which I cheerfully make acknowledg¬ 
ment. Let tne give you a com|Kisitc result. One of my correspond¬ 
ents writes: 

WficJi Dr. Hays became one oi the Secretaries Americati Philu- 

SDphical Society, he fottad that body in almost a moribimd cofidiilofi, or at 
all events an a condkion of comiL 1 very weh remember Xha Dr. Leidy used 
to the coflitrast between the Academy of Natural Sciences and the Phala- 
sophical Society, the former an actio'll: ^nd viijorous institution, the tatier 
merely a blue rtbln>tir as an arjj^umeni requirxnE any disttnetiua in the 

membership. Dr. Hays' whole heart was bound up in the Society; and iii 
welfare and tetiutatba w^erc, I think, the principal objects for which he lived; 

Infumialion lumif^hrd to the writer by Preatdent W. B. ScotL 
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and the of the Society, tuM ite o «*! ' S 

in the cstMin of the scientific public, see almost entirely due to Dr, Haj-s. Of 
rotTsc S f*0Plc l^ttped him in this «ork; btit he v-.s the o a^ 

his assists, and the plans which have worhed wt » su«»sfiillj have, fli 
almost all instanees, oti(ni»ted vfith hinui* 

Another one writts: 

Dr Hal'S* life an Ellipse with Benjafflin Franklin and ihc 

.MS L" ? M.;,'M'r.r 

manjf data » tc tbt early history' o[ the A. P. 

Another one writes : 

I am not able to give yon any data i" re Dr, 
in arranging tor the spring mertmgs ot the American Phtlmophical ■ 

1 do kn^that he the active spirit and that he called m to hts aid the 
jnemhera of the Council of the Society.^* 

Another one writes: 

Dr Hays' P«Sti«i m the American Philosophical Society was 
unique His devotion to the Society was dose and ptrsoiwh ... I n^ 
baldly add that the su«e« oi the meetings, both "^^hly and 
^rgely to his untiring efforts and to the mterest which 1« 

Ing a^ong the members, It is no exaggeration to say tl«t or ^ 

(nurter of a cenlurv. he was the active driving force oJ the Society- Hc 

lore than any one dse was initnimeittal in trios torming a scieniifie h^y 

which had lap-sed into a condition of almost complete "tmiKuPUs 

into a living, active organism and one which reassomed its 

the scientific bodies o£ the world. . - . F« many years he was at the Society 

Jlllv for hours at a time. The correspondence and other matters 

to ihe Society received his close personal care and attention, indeed. 

Society engrossed in large measure his life.'* 

Another otte writes t 

Dr. Hays was completely wrapped up in the welfare of the PhilowphiMt 
Society foe many years. He took hold uf it when it was at a very low 
in its activities and bremght it up to an institution usef^ tn 
spected in its character by people of learn mg. He seemed to ',~nlished 
ilTJhe right pl«c. and in all his life's work I do not think he 
results comparable w-ith the effective work be did as Sccreiaiy o 
sophicat Society. Doctor Hays had a peculiarly subtle imagination a 

i« President W, B, Scott, 

’* Prcsideilt W. W. Keen. 

IS President Edgar Fahs Smith. 

i»Vicc Prcsfdeni F. X, Dcfcum. ^ 
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very dlploirutic in hh tnetluid^. He liail his onit (inn convictions rcjiardiitg 
the U'clfarc oi the Philosophical Society, but he never tried to force them oti a 
coinntittee or other soverninfr body when he realized that the sentiment ot the 
majority was not with him. He accomplished his work by compromiM rather 
than by lorcine his wishes on unwillins bodies. U was by this mrans that he 
was able to do so much oonstroclivc work tor the Society.’* 

Another one writes: 

I am really not fatniiiar with his eOrrcspoiidcncc on the arratijfcmenls for 
papers to be delivered before the Annual Meeting, ejfcept that I know he was 
mote careful in trying id dtstribuic the subjects so that the field of science 
might be coi-ercd as fully as possfble. He always carefully investigated the 
standing of nun-tnembers suggested for papers, and edited with great care 
various confidential poblieations issued by the Sociely. In alt ci-'ics of differ¬ 
ence of Opinion in the Council he seemed to he able to carry his point against 
all opposjiiQu. As a matter of fact, liis opinion generally proved ta be the 
right and proper one lor the good of the Society, and his tenacity was 

Another anc wnteij: 

WTide Dr. Hays lived he had no other duties of imporutice except to 
look gftcr the Immsis of the philosophical Society^ both library its 

^ograms, its celebrations and the like. In his capacity as Snticr Secre!axv> 
he combined all these ihities and liis seeretariial associates usually fell in line 
with his tiiitial proceedings with little ijwstion as to their propriety His 
taowTeifge of the Society and its work in all detail made it rather iin^'rtinetit 
tor any of us to question his views as to fact, and most of us had too little 
experience to have izry posiiivt views as to policy.®^ 

The man thus depicted was utiquesdotiably a man of much torce. 
Occasionally, it is true, he was regarded as arbfttari% When dif¬ 
fering with him, as at times I did, I nev-er found him disagreeably 
so. He was tenacious of his views and resolute in their expression, 
but his invariablecourte-sy and affability softened asperitfes. In gen¬ 
eral conversation he was charming; in special talks his speech was 
full of instruction. For a man who had travelled but little, if at all 
in the real sense, his knowledge of the world and of men was sur¬ 
prisingly large. Books, maps, biograpliies, reviews, original docu- 

*«R. A. F. Penriw, Jr., Froidcni of Tlic Academj- of \'4tural Science*. 

** Dr. p. Wilson, Curator of Tlic Amerkaii Philosophical Scefety 
Director of the Ccimnercial 

«Professor Arthur W. Gwdspwd, Senior Sccretar>% Americiui Philo- 
sophiczl Scciety, 
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tnentSp and atantkrd encyclopedias furnished ample materiaL His 
mind is^as a capacious store houses well stocked and i,vell arranged. 
Hi.s memory v^'as both retentive and reproductive. His Ulents were 
not forensicp and he rarely i>artidpated in debates u|>Dn the floor. 
Whatever he liad to say, how-everp was clearly and concisely ex- 
pressed^ and bis use of words was exactp and wdthont hesitation. 

His administrative role was tliat of a perpetual Secretary or 
Cabinet officer. PosscSiied of ample private means, and w'ell disci¬ 
plined by prior long experiences which singularly equipped him for 
his task; with a definite end in view and sustained by high ideals, 
lie was able, as few others would have been, to devote his entire 
attention and strength to the business of the Society, making it the 
sole object of liis charge. 

In all useful and infinential Associations^ whether national or 
local p the I inch-pin of organ ijiations is the Secretary, Presidents 
niay come or go; their terms may be long or short, their policies may 
v-ary^ encouraging stagnation or threatening stability; directors or 
councillors may be attentive or negligent^ but an eflicient Secretaryp 
de%'oting himself e.xclusively to his task, and wisely retained frotn 
year to y^ar, is indispensable to success. His knowledge of details 
and their ramifications, his familiarity with traditions and customs, 
his grasp upon prior administrative life; his daily attendance, his 
abson^yrioii in his work, his singleness of aim, his tenacity of purpose, 
his ardor of interest^ his pride in perforrtTance, all these contribute 
to his usefulness and cannot fail to strengthen his liands. If his 
merits be great, and his ambitions unselfish, he cannot fail to become 
in tlie course of time the strong arm of an institution on vrhich 
others lean. 

Such a Secretary' w’US Doctor Hays. 

At the meeting of April ^2, u>32. Dr. Hays declined reelection 
as Secretary. For twxnty-five years his name had appeared upon the 
ballot and the members liad learned to associate it with the annually 
recurring election as a matter of courser. President Scottp froui the 
Cliair^ declared: 

'Tlie incml^T$ of the Society will lizvc noted with feeling!^ akin to dismiiy 
that lor the first time \n many jx3.rs tin; name of Dr. [. Minis Huy.'t is 
frtftii die list of Secretaries, Dr. Hays havitiE retired iri spite af many urficiii 
reqtiesu that he should cofitinuc in office, p 
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President Scott then used the words which I have already 
quoted in relation to the establishment of the annual meeting. At 
the dose of his remarks. Secretary Goodspeed then presented the 
following Resolutions^ which were unanimously adopted: 

Wjieeeas wt have known for some lime of the intended retirement at this 
time of our senior Secretary and Librarian, Dr. 1. Minis Hays^ and 

Wue££as we are aJl deeply impressed with the inestimable value of his 
Ions iind faithful service to mir honorabte Sooety^ we, the members, hereby 
wish to record o^ir deep appreciation of ait Dr. Hay^ has done to forward the 
interests of this Society^ and our sincere regret that he i$ to be uo longer with 
us in his former oifkial capaeity,^ together w'ith our earnest dei^irc that he may 
yet for many years remain oar wiEling adviser m the conduct of the affairs of 
the Society, 

A hnal proof of his Joj-alty iniist be mentioned. His last will 
and testamentp subject to the estates of his children, and their issue 
if anvp bequeathed his considerable residuar}" estate to this Society, 
containing elaborate provisions as to the eitahlishTnent of a Xew 
Hah. 

From this general review of the career of Etoctor Hays, the 
reason is now apparent why he could not be induced to write a 
history of the Sodety^ His w'as not a nature to delight in narrativCp 
and then boastfully exclaim Qifortim pars ma^na fuL 

From our comprehensive glance at the history of the Sodet)', 
its anelent and illustrious originp its elevation of purpose, its isola¬ 
tion of position^ it occurs to us that in the world of thought it re¬ 
sembles an Alpine iakep broad p clear p deepp with unruffled and re¬ 
flecting surfacOp amid lofty peaks, close to the stars. 
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THE PRESENT STATUS OF LONG-RANGE WEATHER 

FORECASTING. 

By PitOFEfSDR B(H1E3(T DkC WaSDj 
Hanvrd UnkTriily. 

(Writim for jhc April mwlirnr. 1936, of liie AfiHric^n Philosophical Society. > 

lit xHew of the present widespread interest, popular as well as 
scientific, in long-range weather forecasting, it may be useful to re- 
tnew briefly some of the outstanding facts in this matter as they now 
appear. The purpose of this pajier is rather to take an account of 
stock than to offer any new and original contribution to the discus¬ 
sion. Some general conclusions reached hy the writer are, however, 
included. There are times when, with inii>ortant developments ap¬ 
parently close at hand, it is well to know just where we now stand. 

Man s natural craving for advance knowledge of coming w'cather 
extends thousands of years Lack of any attempts at scientific weather 
forecasting. Realizing that he has not the necessary foresight him¬ 
self, he has imagined animals lu he endowed with some peculiar 
sense which enables them to know, weeks or months ahead, w'hat 
the weather will be. Thus a large group of animal weather proverbs 
lias come into existeuce. Millions of people believe that the thick¬ 
ness of fur on a mnskrat, or the number of nuts stored by a squirrel, 
or a supposedly early migration of certain birds, indicates a severe 
winter. Yet it is certain that animals have no such foresight. 'ITieir 
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habits, the ttiickness of their fur, atid other chnractert^tics depend 
tipon their health, the food iiupply, and many other conditions whicli 
have preceded, and not upon any instinct which enabies them to 
sense the character of a season in ad\'ance. 

Another aspect of supposedly iong-range forecasting is seen in 
certain almanacs which are popularly thought to give reasonably 
reliable indications of the weatlier a year in ad^'ance. Such 
almanacs, however, merely contain statements of the average weather 
conditions of each month. If, for mcan^pEc, the words " Severe cold, 
snow, and higit winds ” appear opposite a week or ten days of Jan¬ 
uary in an ahmnac, the statement is sure to be tnie for certain sec¬ 
tions of the country, A random assignment of a “severe storm’' 
to some particular day in winter will often " hit.’’ To those who do 
not consider the matter, this looks like a clever long-range forecast- 
By remembering only the occasional “ hits *’ and disregarding the 
misses, as most people naturally do, such almanac statements ap¬ 
pear to be correct most of the time, But they are in no sense fore¬ 
casts. Kor arc they usually correct. Any one reasonably familiar 
with the average weather of his locality can make up such an almanac 
years in advance, Kot long ago a wddely known American " weather 
prophet “ died. It is reported that when his health was failing a 
certain [latent-medkine comiany, which had in the past used his 
prophecies for advertising purposes, offered him a considerable sum 
of money if he would make forecasts fifty years in advance! 


Then, again, there arc persons who. using certain scientific fact; 
as a basis but drawing unwarranted or at least unsafe conclusion; 
from them, make seasonal weather predictions several months ahead 
These ■* forecasts ” are expressed in very general terms, as that “ tlit 
winter will be long and severe," or “ the summer will be abnormally 
cold.” Over an extended area, like that of the L'nited States, for 
example, the winter is sure to be long and severe somewhere, arid it 
is cijuatly sure not to have those characteristics everywhere. Such a 
“ forecast ” is practically sure to be verified in some localities. Even 
where and when it hapiJcns to “ hit,” it is too vague and general to be 
of real value. Furthermore, these forecasts are so broadly gener- 
alited, and cover such large areas, drat no rigid and adequate veri¬ 
fication is possible. The author of the predictions makes his own 
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verifications in his own wa3'-—obviously a very unsafe proceeding. 
His self-determined percentages of verification are not likely to run 
too low. 

Occasiotial]}’^ for a limited and sariabEc period, verj’ general fore¬ 
casts hased on seejnettces in the character of the seasons may be pos- 
sihle. rhus there may be a series of several successive winters 
slightly warmer than normal, ora series of summers somewhat wetter 
than normal. \et just when a definite sequence seems to have 
started, the chain is somehow likely to break; the sequence ends; 
forecasts based uiK)n it go into the discard. In time, with further 
study, something more definite may develop along this line. Thus 
far, however, the general results have been negative. There is a 
l)opular impression that a very cold winter is likely to be fottowed 
by an unusually hot summer, or a warm winter hy a cool summer. 
The conclusions of meteorologists are contrary to the popular be¬ 
lief. It seems that, on the whole, a season well above normal in 
tem]x:rature is somewhat more likely to lie followed closely by a 
season or seasons warmer, not colder, than normal. In Herlin, Hell- 
mann found tliat a very cold winter usually follows a very cool 
summer, and a moderately mild winter follows a moderately warm 
summer. The proijabiHty of a definite sequence in such oses is, 
however, too small to be of any practical value in forecasting. 

It seems to bt the genera! consensus of the most expert meteor¬ 
ological judgment at present that there is not. as yet, sulticient unim- 
peacliable evidence to justify a belief in pcmtaiienl “clianges” of 
climate, over large areas, within historic times. That there are cer¬ 
tain fluctuations in the values of the climatic elements is. howetvr, 
a well-established fact. Xot only do individual years differ in their 
temperature, rainfall, etc,, but there are also variations extending 
over a decade or so, and ev^n over many decades, or centuries. 

In the temperate zones “ abnormal” wcatfier is nomiaL .Months, 
and seasons, arc quite commonly warnter or colder, wetter or drier, 
than the normal or average. When these abnormalities or de[}art- 
tures are slight, they attract no attention. On tlie other hand, the 
excess or deficiency of temperature, or of rain or snow, may be so 
considerable as to be distinctly nodceahle, even without instrumental 
record. Thus, the winter of 1920-21 was one of rather {ytrsistent 
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anc! unuiitial east of ihe Rocky Mountaiiis. The higher 

temperatures were the equiv'aJeot of travel over considerable dis¬ 
tances southward. On the other hand, 1919-20 was a colder winter 
than usual. Occasional extreme cases of such abnormalities are 
remembered for years, and become part of our iveather history. 
Thus the summer of 1S16 brought late snows, and frost occurred m 
every summer month over much of New England. The year i3i6 
became known as ''eighteen hundred and froEe-to-deatb/" and '"the 
y'ear without a summer/' A prediction that the year 192G wHll be 
'"summerless/" and that crops will fail in nrany placeSp has recently 
been given wide publicity. There is no sound and sale basis for 
any such general forecast, so long In advunce. The coming summer 
may be abnormally cwL It may be abnormally warrm Over an ex¬ 
tended areap such as the United States for e.xample, any summer is 
more likely than not to be "' ahnomiaUy '' cool in some sections, but 
is also likely to be "'abnormally"' warm in others. That Is the 
natural way with our seasons. Whatever happens in the w^ay of 
next summer's weather will be the complex resultant of many vari¬ 
ables, who$e final product no man can at present foresee. 

A longer periotl of wither fluctuation than that from year to year 
apj^^rs to be associated ivith the siinsjKPt cycles. Numerous 
studies have been and are being made along this line. Some of 
them extend hack into the seventeenth century. Evidence of sun- 
sjiot periods in temperaturCp in rainfalb and m the frequency of 
tropical cyclones, has been discovered by different investigators. 
There is already a very considerable literature on this subject. The 
results pf these studies, it may prohahly he safely said, have not come 
up to expectations. In some cases the relation to sunspot periodicity 
seenis to be open to debate. In other ca^s, the results are more or 
less contradictory. At any rate, it is not yet clear tfiat the variations 
in the weather elements in the sunspot [X^riod are sufficiently marked, 
uniform or persistent, over large areas, to make practical application 
of the periodicity' possible in regular weather forecasting. 

.\ longer period than that of the sunspot cycle, and one which 
is generally recognized as having been clearly established, is known 
as the Rnlckner 35-yeaT cycle^ after Professor Edtiard Erdckner who 
first di^overed it. In a cycle whose average length Is about 35 
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years, hm wlucli iiiay vary lietween 20 and 50 years, there contes a 
series of yearns that is somewhat cooler and more ramy, and a series 
of years that is spniewliat warmer and drier, than normal/' These 
fluctuations have been shown hv Bruckner to bear close relations to 
emp yield and prices, to movements of t>oiiulatfon, and to economic 
conditions in general. 

Varratfans covering still longer periods have been discussed by 
rmmerous other authorities. Thus C. F. .Marvin, the Gitef of the 
Weather Bureau, a$ a result of a study ot New England rainfalls 
over a iieriod of nearly 500 years, concludes tliat while there ig no 
evidence of any isermanent change in climate, more or less definite 
[wricKis of from 50 to ^0o years or more seem to occur from time 
to time during w'hich the climatic conditions of a more or less limit¬ 
ed region suffer a material diange in the value of the running a^'er- 
age of conditions/' ^ 

Further, Mr. H. H. Clayton has recently announced that he finds 
a general underlying upvi^ard trend in the temperature of the northern 
United States and Canada, " like a slowly rising tide/' while the trend 
in the southern United States is downward. The contrast between 
the weather of the north and south, according to Clavtoti, seems to Ije 
diminishing; the climate as a whole to be ameliorating. These re¬ 
sults are based on iem|)erature records extending back, in a few 
cases, to the dosing years of the eighteenth century. 

These few examples of fluctuations, or of periodicities, m the 
weather elements are selected mote ot less at random, llie list is 
very lar from complete. Enough lias been said, however, to indicate 
the very great interest and imijortance of this whole subject of such 
variations in the weather elements in their relation to the general 
question of long-range forecasting. At present, and until such peri¬ 
odicities or v'ariations are more fully understood, long-range fore- 

^ Qiarhi F. Mamn, Cunccrtiin^ Normak Secular Trencis., and Cltmaiic 
Changes," ^f&nthiy Weal her VoL 51, 1^ pp, 3S3-J9Q. The nicthod 

tiicd and the rwults obtained by Marv-in have been tritkiacd by McAdic, who 
beUeves ” that uciiher sewruj droughts nor i^a»nal floods can be studied if 
mean annual rain falls are uicd as criteria," and that "these trends can not be 
used IQ advTintasre” (AleKander ilcAdic^ ' Wet and Dry Seasoru/' Aninj^i 
AltrOrn. o&rjp. HarL\ Cafi, VoL S$, Part 4^ Ifjit, pp, 
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cssts sufficient!j definite and reliable to be of practical value cannot be 
based upon them. 

During one week last autumn there caine to the writer's desk 
three letters. One was from a lumber dealer; another, from a manu¬ 
facturer of overshoes; the third, from the owmer of a woolen milL 
Each letter contained the same question: “ Will the coming ivinter lie 
mild or severe? Would logging operations be difficult and expen¬ 
sive? Would there be unusually large sales of rubbers and of 
arches? Would people buy heavy' woolen clothing? Tf the question 
could have been definitely and positively answ'ered, these tlrree cor¬ 
respondents would doubtless have profited very handsomely thereby. 
Indeedp it is impossible to overestimate the money value that definite 
and detailed long-range weather forecasts would have for all classes 
of people, in all sorts of occupations. At a conference on ocean¬ 
ography and marine meteorology^ held at the Scripps Institution of 
Oceanography on rvovemljcr 6 and y, 1925, four speakers emphasized 
the lienefits to be ex looted from long-range forecasts of seasonal 
rainfall in Southern California. One sjieaker represented an electric 
light and power company; another was an irrigation engineer; the 
third >vas a forest supervisor, and the fourth was a farm adviser. 

In spite of this great popular demand^ everywhere^ for forecasts 
covering a considerable period in advance; it is significant that the 
government w^eather sendees of the worlds with a few except ions» 
issue tlieir regular detailed forecasts for only a day or so in advance^ 
Occasionally it is p<^sihle to extend the forecast, in more general 
tenns, to as much as three or four days ahead. Once a week the 
United States Weather Bureau issues a slntement for a week in ad¬ 
vance. This is not a forecast. It is called the " weather outlook/" 
and is based on the general distribution of pressure, especially over 
the Pacific Ocean and the northweatj and upon the general movements 
of areas of high and low pressure. Orse such "^outloc^c'* recently 
given to the press for the Korth and Middle Atlantic States read as 
follows: "M^eriod of snow*s over North and rains and snows o^-er 
South |K>rt]on about middle of w'eck ; temperatures near or belowr 
normal/' The difference betwx’en the specific daily forecast and 
sucli a broad generalized statement is easily recognized. The British 
Meteorological QfBce also issueh similar general forecasts for a week 
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in advance. Further, in Itidia, the Weather Service issues a seasonal 
forecast^ but the conditions there are peculiar; the forecast is very 
general, and it concerns the generaJ character of the monsoon rain¬ 
fall only. The forecasts of the Argentine Meteorological Office, cov¬ 
ering several days in advance, will be referred to later. 

Why do not months, seasons^ years, decades, even centurieSp *' run 
true The answer is difficult because w^eather controls are many 
and complex. Our day-to-day w^eather is essentially controlled by 
passing conditions of lower and higher pressure. These^ in their 
turn, determine the course of the w^inds and regulate temperatures 
and rain or snowfall A slight change in the usual paths followed by 
these pressure conditions may decidedly alter the character of the 
season's, or the y-ear's, weather. These paths are largely dependent 
upon the location and intensity of certain very much larger, more or 
less permanent areas of low and high pressure, located over the con¬ 
tinents and Deigns. These so-called ** centers of action " vai^ sea¬ 
sonally and in longer periods, exerting marked influencesp through the 
winds which circulate around them, and through the storm paths 
which they control, upon the weather and clirnate of nearby and even 
of distant lands. Within the last decade or so some remarkable 
correlations have been shown to exist betw^cen the great so-called 
" centers of action “ of the atmosphere and the seasonal w^eather in 
adjacentt or even in fairly remote regions. The general character 
of the winter in western Canada and the northwestem United States 
seems to depend largely upon the \a.rying characteristics of the low- 
pressure center of action over the northern part of the North 
Pacific Ocean, while the character of the winter and of the summer 
in the eastern United States is to a considerable extent controlled by 
a varying but essentially permanent bank of high pressure over the 
North .Atlantic Ocean, in Latitudes 30^-35*. 

What causes the variations in these “centers of action The 
temperatures of the ocean surface w-ater ha.ve something to do W'ith 
their charactetp location and extent, but the observational data in this 
matter are scarce, except over limited areas, and proofs so far suIj- 
mitted arc not wholly convincing. The temperatures over the con¬ 
tinents are directly coticeriwd in determining the seasonal pressure 
conditions over the lands. Water is very conservative as regards its 
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temperature. It jsartia witli its heat or cold reluctantly. The warmth 
or the chill of distant ocean waters cati therefore he traiis|JOried over 
great dJstartces in the slow-moving ocean currents^ and then, months 
later^ be carried onto far-away lands by winds. In this way seasons 
warmer or colder and also w'etter or drier than normal may result. 
In Europe, several years ago. Meinardus. Petterson, and others called 
attention to the close relation existing l*£rtween the tem^ieratureSp pres¬ 
sures. and winds over the North Atlantic Ocean and the weather of 
western Europe some montlis later. In the United States Dr, G. 
F. McEwen. of the Scripps Institution, La Jolla, California, on the 
basis o( ocean surface temperatures, acting through pressures and 
pressure gradients upon the winds^ ha.s recently been forecsisting an 
excess or a deficiency of the winter rains of southern California. 

Hack of all such seasonal, and longer^ variations in temjKfraturc. 
pressure, wniids and weather there must oh^dously lie some ultimate 
cause. Attention is naturally directed to the sun. The sun is now 
known to be a variable sOir, Its heat^output is not constant. There 
are long-period variations, as in the sunspot cycle, and doubtless also 
in longer cycles. There are also shorter, irregular iieriods of the 
order of w'eeks or days. These variations all seem to lie relatively 
very slight when the sunV radialion as a whole is considered, although 
in the region where the variation is most marked, Jn the blue 
end of the s[>cctrum„ the percentage of chatige is considerable. More¬ 
over the effects are, generally sj^aking, the opposite of what would 
naturally be expected. Instead of being higher at times of greater 
solar activity, ten^iieraturcs o%'er many jiarts of the world are then 
slightly low^r. The setpience oi cause and effect is thus highiv com^ 
plex. Temperature is hy no means the only element. Evajioration, 
cloudinesst rainfall, storminess, winds, are all involved- Yet there 
are many distinctly ho^ieful signs of progress. More heat from the 
sun should promote cA'aporation. and thus tend to increase cloiidinesis 
and rainfall Further, more cloud would cut off sunshine and in 
that way lower temj^)crature^. Eecau^ of the complexity of the 
weather it is impossible to reach deffnite and generally acceptable 
conclusions as to the detaded effects of ‘variations in sohr radiation 
on cHiuates as a whole. Moreover, the effects, whatever they are. 
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would naturally differ in different localiliesH with varying land and 
water, topographic, and other controls. 

Competent inve^itigatprs are iiaticntly trying to discover the bws 
that govern our complex atmospheric conditions in the endeavor to 
hasten the day when definite long-range forecasting, on a thoroughly 
scientific liasis, may be realized. Among these investigations the 
work on the variations in the intensity' of the sun's heat carried on 
during the |jaat two decades hy Dr, C. G. Ablx>t and his associates of 
the Astrophysicai Ohser^'atory of the Smithsonian Institution has at¬ 
tracted much attention. These obser\'ation.s were l>egurt at Mt. 
Wilson, California, in 1905, m Qiile in 1918, and in Arizona in 1920. 
Recently the National Geographic Sodety has provided funds for 
the installation and support of a third station, to be located at a 
favorable place Jii the Eastern Hemisphere, and to cooperate with 
the stations already in operation in Chile and in Arizona. As stated 
in the last Rcjxitt of the Astrophysical Ohserv^atory' of the Smith* 
sonian Institution (for the year ending June 30, 1925)1 the chief 
object of the w'ork at present is to sectire the most exact measure¬ 
ments of the variation of the sun in order to provide proper data for 
studying the influence of the solar duinges on w'eatlier conditions of 
the United States and the whole world.** 

The connection of Mr. H- H. Clayton with this work lie^n about 
ten3^ears ago, when he w'aa Chief Forecaster of the Argentine .Meteor¬ 
ological Office in Buenos Aires. His studies had satisfied him that 
there was a relation lie tween the variations in solar radiation as re- 
ijorted hy the Smithsonian Institution and wreather changes. An 
arrangement was made with the Smithsonian Institution for sending 
daily telegraphic despatches from the Cliilean station to Buenos Aires, 
and the data thus obtained w'ere used by Clayion in preparing of¬ 
ficial forecasts issued by the Argentine Meteorological Oflice. These 
forecasts were begun in l>eeemlx:r^ 1918, and have l>een continued 
ever since. Once a w-eek an official bulletin is issued by the Argen¬ 
tine ser^dee w^hich givc,s a forecast of the temperatures to l)c exjjccted 
everv morning and evening lor a w'eek in adv'ance. In addition, 
the dates and the intensities of exjiected rainfalls are also given. 
Since Clayton’s retirement from active service, in 1922, these fore¬ 
casts liave l)een continued by Hoxmark. \\'hile it seems to be^greed 
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that the Ar^endne forecasts are far from perfect, they appear 

to have received widespread public approt'nL 

After his return to the tlnited States, in Mr. Cbyton con¬ 

tinued his researclies, and in 1923 published a voJume, entitled 
" World Weather," which embodied the results of his investigations 
extendinj^ over some thirty years. The results of his work have led 
him to the conclusion that certain recognimble changes in pressure^ 
temperature and rainfaU depend upon variations in the intcnsitv' of 
solar radiation, and that not only longer oscillatiotis in climatic con¬ 
ditions but also day-to-day weather respond to the sun^s activities. 
It is on the basis of these conclusions that he believes it possible to 
forecast weather days, wrecks and even months in advance. There 
are, however, weightv' opinions on the other side. For example Sir 
Gilbert Walker, for many years Director General of the Indian Ob- 
serv'atories, has expressed the view that, for explaining the weather 
ahnomtalitie-s of the seasons, the variations of solar radiation are 
inadequate, and that w-e mu$t seek the reasons in the previous dis- 
tribudon of seasonal features over the earth. World-wirle reactions 
of the weather are evidently closely connected wdih the slowly-mov¬ 
ing ocean currents in which solar variations or wind-made tempera¬ 
ture abnormalities persist for months. The fact that seasonal 
weather abnormalities in different parts of the w^orld show stronger 
relations among themselves than with solar changes must not relegate 
to a mirtOT position the study of solar variations in connection with 
terrestrial w^eather changes. The solar changes may from time to 
time strengthen and thereby maintain reactions between terrestrial 
centers w^hich might otherwise become weaker, (hidtan Meteor- 
QlGffkal iMemotrs, Vol. 24, 1923, Fart 4.) 

During the past two years, aided by a gmnt from Xfr, John A. 
Roebling, Mr, Clayton has been studying the weather of North 
.America in relation to apparent variations tn sokr radiation, and in 
order further to test his w'ork has made experimental temperature 
forecasts for New York Oty. Daily telegraphic despatches were 
sent him giving the solar values as observed at the Smithsonian field 
stations in Chile and in California on the day preceding. Using 
these data* together w ith visual observations of the sun's disc, he then 
made his forecasts of the expected daily maximum temperatures at 
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New York for three* four and five days in advance. The avera|^e 
weekly and average monthly temperature departures were also fore¬ 
casted two days before the beginning of each week or month. All 
these forecasts were at once sent to the Smithsonian Institntiodp 
where they were compared with the actual conditions hy mathematicat 
mediods which eliminated |jcrsunal bias.” In regard to the results, 
it is stated in the last Annual Report ot the Smithsonian Institution 
{1925) that “a moderate degree of fore-knowledge is certainly in- 
indicated, both for the specific forecasts of three, fourp and five days 
in advancCp and for the more general average forecasts of iveeks or 
months.” The Report adds further, "Our entire purpose in the 
matter is. and has always been, to make such experiments as might 
indicate what value^ if any, would attach to the introduction of a 
new i-ariable* namely^ the variation of the -sun, in weather forecast¬ 
ing. Our forecasts are made privately and only as tests of the ex¬ 
perimental conclusions.” Recause of the lack of further financial 
support these experimenial forecasts stopped at the end of 1925- 
Certain general impressions regarding this whole subject may be 
stated in conclusion as the opinions of a professionally interested 
outsider who has endeavored to rematn absolutely unprejudiced and 
impartial (1) There can be no possible question regarding the 
v^ry great importance to man of reliable long-range weather fore¬ 
casts. These have far more than a passing '"poimlar'' interest. 
They would be of the highest value in industry, in transportation, in 
healthH and in numberless other lines of human activity^ or safety. 
It is perfectly clear that what man most wants is a specific, definite^ 
detailed forecast, fie would like to know, not merely the average 
or the highest and lowest temj>eratures. or the probable rain fall im¬ 
portant as these aret but also the tyije of weather as a whole which 
will accom|5any these conditions. It is. for example, not quite 
enough to know', in advance, the maximum or the minimum temp- 
eratiires, A more vital question is how long such temperatures will 
last; whether they will be accompanied by wind; whether the sun 
will shine or not. Similarly, an excess ot deficiency of rainfall may 
be indicated for a certain week. This is highly ^-^luable information, 
but still more useful would tie a foreknowledge of the character and 
of the duration of the rain or snow. Will it come in one storm, or 
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in more than one? Will it rain or snow continuously, for hours or 
days, or will the precipitation be intemiittent? Such detailed fore¬ 
casts are obviously not yet possible. Init they are the hind that the 
public wants, and will, sometime in llie future, probably lie able to 
secure. 

(2) The t(uestiDn tliat has risen regarding the reliability of the 
Smithsonian obsers'ations need not here be entered into. It was in¬ 
evitable that scientific men in search of the truth sliould ask how 
much of the slight variability from day to day is the result of actual 
variations of the solar constant, and how much may be due to in¬ 
strumental errors, to errors in the methods of reduction and correc¬ 
tion, and to changes in the transparency of the earth's atmosphere. 
Searching analysis; more observations, of ever-increasing accuracy 
and refinement; honest, fair and good-temjiered discussion—^these will 
in time settle all such questions. Science has nothing to lose, and 
cverythii^ to gain, by honest and intelligent criticism, if carried out 
with tile single purpose of seeking the truth. An interested and un¬ 
prejudiced non-scicnrific outsider might perhajis he disjiosed to 
wonder whether, if the available results as to the apparent variability 
of solar radiation can tie used in practical long-range forecasting, it 
makes any difference to the average person w-hether these data rep¬ 
resent real facts as to solar variability, or are affected by atmospheric 
conditions, by instrumental errors, or by the personal equation. 

(3) Regarding the value of the forecasts made several days in 
advance by the .Argentine Meteorological Office a sufficient answer 
is to he found in the fact that these forecasts have been published for 
seven years, and that they seem to have met with general popular ap¬ 
proval and support. 

(4) Regarding Mr. Gavton’s recent long-range temjieTature fore¬ 
casts for Xew' York Qty there is no available detailed information. 
These forecasts have lieen purely ex^ierimental, and were not pub¬ 
lished. It is, therefore, irajwssibk to form any definite opinion in 
regard to them, how specific and detailed they were; how' practically 
useful thev w'OuEd be from an economic standpoint; how they were 
verified. .All that is known concerning them is that "a moderate 
degree of fore-knowledge is certainly indicated." 
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(5) There is no immediate iSkelihocKl tliai ihe ofFieiai weather 
services of the world will use observations of solar radiation for ex¬ 
tending^ the re^lar periods now covered by their forecasts^ Such 
ohservatiotis are not yet generally available." Furthermore, nveteor- 
ologists as a body are not ready to make use of them. A British 
view of this matter^ as recently given by the editor qf T/ir Metcar- 
oioffical Magasme (VoL 6o, Nqv., ^ 9 ^ 5 . p- ^ 39 ). <5 that “a relation 
of some sort (tK*tween variations of the solar constant and tlie 
weather) almost certainly exists and will be disctjvered by future 
research* but it will protjably be long before this new method will be 
able to add anything to the high technique of daily forecasting by 
synoptic charts.'^ 

If and detaihd effects n|Kin the weather resulting from 

given fluctuations of the solar constant could be known iu advance, 
and if any achiai variations of .solar mdiatipn could also be known in 
advance^ then it setms reasonable to think that definite forecasts, 
of real ecofiottik iWitc. extending over considerable periods of time, 
would be possible. But it is to be observed that there are two very 
important “ ifsin this problem. 

( 6 ) Another line of attack on the problem of long-range fore¬ 
casts is being carried on by a group of mctcurokigi.sts w^hq are study¬ 
ing the disturbances or variations that occur in the general circula¬ 
tion of the earth s atmosphere without any necessary reference to 
extra-terrestrial controls. This great circulation long ago reached 
something appoaching cquilitjriuni, but its pressures, winds, temfjera- 
tures, clouds and rainfall are subject to fluctuations and irregularities* 
seasonalp annual, and over longer periods. In other words, the atmos¬ 
pheric machine docs not alwrays " run true." If the variations from a 

normal condition could be foreseen, and the many complex in¬ 
terrelations and effects of these variations were known^ then long- 
range forecasts along these lines would be possible. Here again, 
bow-eveCp there is a vast amount of hard scientific s^^ade-work to be 
done before the relations involved in this problem are understood. 

- The regular ohscr^'atkiiis oi the solar c<jns(ant of radiation nude by the 
Smithsonian Institution at tlie MouteiEuiiia (Chile) slalkm havCp liowever, re- 
cenily been made available for any res|»n^ible persons or institutions, and these 
values are now primed dn the daily w^eaflier map published by the United 
State? W eaiher Bureau in WaslilriEtan, ^ 
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The results thus far reached are still, as a whole, by uo means as 
satisfactory as could be desired, and are twt yet generally applicable 
to definite seasonal forecasts, 'fberc ts, however, promise for the 
future. 

Hahvakh Usu'EasiTT. 

March 27. iprf. 
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FURTHER STUDIES ON THE PREPARATION OF ME¬ 
TALLIC GERMANIUM AND THE VOLATILITY 
OF THE METAL IN HYDROGEN 
AND IN VACUO, 

By JOHN- HUGHES MtJLLER, EDWIN FREDERIC PIKE. 

A, KENNETH GRAHAM. 

Philmitlphm. 

(Contributeci from the John. I^rriion Laboralory of ChciniSitry of llie Uiii- 
versky ot Pennsylvansi) 

Shortly after the discoverj' of germanium^ Winkler stated that 
the dioxide of this element was reduced by hydrogen at a red heat 
hill expressed the belief that reduction to itietaL was incomplete.' 
At a comjjaratively recent date ^fnller attempted to use the ratio of 
the dioxide to metal so prepared, in a redetermination of the atomic 
weight of germanium. It was stated at that time that the reduction 
to metal in hydrogen failed to give satisfactory' results—first because 
the protracted heating in hydrogen vras attended by smaJl but dis¬ 
tinctly nieasurahle loss of the metaL in the hydrogen stream which 
loss was thought at the time to Ik due to the farmatlon of hydride. 
The com])lete qiiandtative results were not published because a totally 
different method was employed in making a redetemiination of the 
atomic weight in question ^ Secondly it was observ'ed that traces of 
chloruie were dihicult to remove from germanic oxide prepared by 
hydrolysis of the tetrachloride and also that the oxide ntade by oxida¬ 
tion of the sulphide contained sulphur which was Likewise difheuLt 
to eliminate. It should be noted however, that these Lmpuriries, pre¬ 
sent only in traces, would have had very little if any lofiuence upon 
the preparation of a very' pure metal by subsequent reduction of tfiis 
metal in hydrogen though their presence would make it inadvisable 
to weigh the oxide for atomic weight detemiinatioii.* 

* Jtfum. Chcm.^ ^4, (iSS6), 

Amtr. Ch^m. Sar., 5, 1037 (1921). 
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Later Dennis and his co-workers found that tlie reduction of 
small amounts 0i germanic oxide (oi the magniuide of 0,35 g.) was 
complete in about two hoitrs when heated in hydre^n at 500® to 
540'’ C. and that no germanium or any compound of the element 
volatilized under these circumstances.* 

In the same communication it was shown that metallic germaniuni 
which was free from oxide does not lose vreight when heated in 
hydrogen to a temperature not exceeding too® C., hut that volattliKa- 
tion of metal does take place when hydrogen is passed over the 
molten metal. 

The following investigation concerns a further study of the 
volatility of germanium. 

Al-PAftATUS ANT) MaTERIAI., 

The germanium dioxide was obtained originally from germanifer- 
011 s zinc oxide prctcured through the courtesy of the Xew Jersey Com¬ 
pany. The methods used for the preiiaratiou of the pure oxide 
need not Ijc considereded in detail but it may be stated that the foUow^- 
ing operations w^ere mainly depended upon for the eliminatiort of the 
impurities present in the crude oxide: Repeated distillation of the 
tetrachloride in a current of chlorine^ and repeated recrystalHzation 
of potassium fluogermanate for the removal of the last traces of 
arsenic.* The duogermafiate was then converted to the tetrachloride 
followed hy the redistillation of the latter w^hich W'as then hydrolyzed 
to oxide. The crusts of oxide which separated upon hydrolysis of 
the chloride were filtered out and the acid filtrate and washings dis¬ 
carded. The only impurity left in the o.xide at this stage in the 
purification w-as a small amount of chlorine vrhich could not be re¬ 
moved by sim|)ly wTishing with a liiuited amount of water. It w’as 
found possible to remove this by protracted ignition of the finely 
divided product in superheated steam which was carried out in silica 
apparatus. The waste steam was condensed and the resulting winter 
tested for chlorine in the usual way until negative tests were obtained 
both in the water and the ignited oxide. The oxide w^s finally 

^ /fliern, --fwr, 45^ 9, 20933 (f9^j) ■ 

* Jaum. Amtr, CAvmi, Sa€., 21 ji ^1921). 

Auur. Chirm. 43, 2549 I 43. {19Z1L 
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Ignited in air at Cr lo effect complete dehydration and pre- 

served in silica vessels for use. 

IlydrQgm. —l"he hydrogen was prepared electrolytically using a 
15 per cent, sodium hydroxide solution and nickel electrodeSr In the 
whole of the washing and drying system connections were of fused 
glass followed by accurately ground joints In the silica apparatus 
containing boats or weighing rubes. The hydrogen was washed and 
dried in a train containing the following materials in the order given, 
—saturated stiver sulphate solution, alkaline permanganate^ solid 
caustic soda^ concentrated sulphuric add, heated palladium asbestos* 
soda lime* concentrated sulphuric acid, Askarite^ and finally phos^ 
phorus pentoxide. 

For the reduction of the oxide the apjiaratus used was entirely of 
silica and all heating effected by an electric resistance furnace. To 
minimize errors due to sudden tem]5erature changes the furnace was 
covered with a thick layer of insulating material using a tight fitting 
silica furnace core into w'hich the clear quartz tube and contained 
bottling tube tightly fitted. The samples of oxide were placed In 
silica bottling api^ratus similar to the ty^pe used by Richards In 
several of his atomic weight determinations and hence could not 
have been contamirtaied from the outside. 

Temperatures were measured by a platinum rhodium thermo 
couple the junction of which w^as placed immediately beside the 
weighing tulie containing the oxide or metal. The instrument was 
calibrated just before use and during a number of experiments was 
checked by the use of pure silver, the melting point of which is 
fortunately close to the observed melting point of metallic germanium. 
The error in temperature readings could not have been greater that 
^5" C 

The hydrogen issuing from the end of the silica tube was con¬ 
ducted through a trap containing saturated silver sulphate solution 
during the process of reducing the oxide to metal and while heat¬ 
ing the latter in the same gas and at the anterior end of the quartz 
tube a T tube was inserted to allow the atmosphere of hydrogen 
to be replaced by dry air. 

The balance w-as a Troemner No. 10, Sensibility 1/50 mg^ 
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Weights gold plated with piatinuitt fractions, caJitirated by 
Richard’s substitution method, 

REOLrcTioN ot‘ Germaml-m Djokide JS HimOGEX. 

The samples of oxide were contained in a silica weighing 
^be with accurately ground stoppers at both ends, the quantity 
introduced being roughly deteriuincd by a pn;!iniinar>' weighing lie- 
fore transferring to the weighing tube. The stoppered tube was then 
introduced into the silica bottling apparatus before descrilrtd and the 
stoppers removed. A slow current of dry air. trashed free from 
dust, carbon dioxide and other impurities, was then passed through 
the system and the temperature raised to 900*^50* C. Heating 
under these conditions was continued until the residual oxide Itad 
come to constant weight, (zt o.ooooa g.). Pure dry hydrogen was 
then allowed to [lass over the weighed dioxide (1.69443 g.) to fi-xpel 
the air from the system and the temperature slowly raised to 500® C. 
.At this poitu the surface of tlie oxide liecame gray and when the temi> 
erature became 600" C. the material in the weighing tube had become 
much darker. As the reduction slowly proceeded at this temperature 
a small dark deposit appeared in the upper or cooler part of the 
weighing tul>e butane trace of such sublimate 'was observable toward 
the end of the weighing tube nor in the silica tube surrounding. The 
heating in hydrogen at 600® to 625® C. was continued for thirty-tivo 
hours, after which no further Joss in weight occurred. The tempera- 
ture was then raised in ste|w as indicated in the table lielow. It ap¬ 
pears tliat each additional heating period was attended by a slight 
loss in weight. The Joss in weight was small but measurable as 
shown m the table and at no time in tlie total number of hours could 
a constant weight be obtained. The experiment was not discontinued 
until the vreight of the residual metal was less than that required for 
the amount of oxide used, calculating on the assumption that the 
atomic weight of germanium is 72.5, It should be noted that the 
oxide used was very finely divided (by hydrolysis of the tetra¬ 
chloride}, and tiiat the metal so produced therefore presented to the 
hydrogen a surface many times greater than that obtainable by pul¬ 
verizing a button of the metal. The constricted ends of the weighing 
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tube with their narrow opening and carefully regulated, slowly enter- 
ing hydogen stream could not have permitted mechanical loss, 

foward the end of the experiment a small mirror was found in 
the cold part of the silica tube beyound the furnace core. This was 
dissolved in a little freshly distilled ammonium hydroxide containing 
a few drops of inire hydrogen peroxide. Both of these reagents 
were carefully tested and showed no weigliahle residue upon evapor- 
ation. Trout the ammontaca] peroxide solution by evaporation and 
ignition a residue of 0.00026 g. of germanium dioxide was recovered. 
The mirror was of silvery lustre by refiecled light and red by trans* 
mitted light and differed strikingly in appearance from germanous 
oxide which can of course be obtained as a sublimate upon heating 
the ]>3rtially reduced oxide rapidly in a hydrogen stream. Films of 
germanous oxide purposely prepared for comparison with the metal¬ 
lic deposit were also made and later described. 

The w^te hydrogen as before mentioned w-as washed through a 
trap containing silver sulphate solution, 'I’he contents of the trap 
u|»n subsequent analysis was found to contain 0,00017 of germ¬ 
anium calculated as metal, 

table I. 


Weight of germaniuiii dioxide taken ..... 
Weight cf rnetal present it Ge = 7^5 ... 
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- ■ - ^ 1 17572 

Wdabt lif C<mtci3ti of 
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147561 
I 17 S +4 
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117539 
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From the results shown in the table, it seems reasonable to 

leve that metaJHc gertnanium, in a fin^ state of divbion^ constantly 
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loses weight when heated in hydrogen at tempeTatures considerable 
below its melting point The loss in weight is admittedly small and 
might easily escape notice unless the periods of heating were extended 
over four or five hours. In the first five heating periods in which 
the temperature nex-er,passed the 600* mark, the residue in the weigh¬ 
ing tube most likely still contained a little oxygen as the calculated 
amount of metal was not obtained in thirn^-two hours at this temp^ 
erature. It seems probable that complete reduction of the oxide at 
temperatures lower than 600'’ C. is difficult, if at all possible. 

Hyduocen Contained in GEfc^iiANiuM Melted and Cooled in an 
Atmosphere of that Gas. 

1.7085 g. of gemiaiiiiun dioxide were reduced in hydrogetij, con¬ 
tinuing the heating in that gas at 650“ to 700* C. until the weight of 
the residual metal ivas slightly less than that calculated from the above 
quantity of oxide. The metal was then heated to 1000* C in the 
Same gas for several hours. The molten globule w^s allowed to 
slow'ly cool in hydrogen and the metal so obtained W'as preserved in 
a weighing liottle in a desiccator for twenty^ days. The globule was 
then placed in a silica tube from which the air w'as exhausted by 
a Toepler pump. The metal was then slowly heated and all gas 
evolved was pumped off and collected in a eudiometer over mercury'. 
\ small amount of gas was first obsen^ed at 690^ C. and a larger 
amount was collected at the melting point of the metah The gas col¬ 
lected was mixed w'ith oxygen and sparked at reduced pressure. The 
presence of hydrogen w^s evidem;^ by the slight explosion of the 
mixed gases and the amount calculated by diminution m volume. 
From tlw results obtained it w'as found that 1 gram of the metal melt¬ 
ed and cooled in hydrogen contained 0.186 c.c. hvdrogen under 
normal conditions of tetniierafure and pressure. 

In this experiment and in a number of quaHtative experiments 
with the metal prepared in the same way* metallic mirrors w'ere found 
in the cooler jjoition of the quartz tul>e which projected from the 
furnace. Slight volatilization of the tnetal and consequent mirror 
formation began in each case at temperatures between 750® and 800“ 

in v'acuo w'hile heavy shining mirrors were much more rapidly 
formed as the metal neared the melting point. 
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MfCLTiNG Point of Gesmas^ium in Hvuhogen ako in Vacuo. 

in tlie foncgoin^ experiments ft was observed that metallic genn- 
aniuni did not appear to have the same melting point in an atmos¬ 
phere of hydrogen as in vacuo and therefore these melting points 
wre investigated more carefully. The metal which had been pre¬ 
pared reduction in hydrogen as shown in Table I. was melted in 
hydrogen and while in a molten condition in a silica tube w'as allowed 
to cool ver>^ slowly in that gas at ordinary pressure. One half of 
this metal was set aside as nictai number i. The other half was 
placed in a silica tube and the latter then exliausted by means of a 
Toepler pump, [he metal was then melted and all gas evolved w-as 
immediately pumped qff^ After cooling in vacuo this was set aside 
as metal nunil>er 2^ 

The globule of metal number t was broken into a number of 
anguhar fragments which were placed in a silica titbe which was filled 
with hydrogen at atmospheric pressure. Metal number 2, similarly 
brokenj was put into silica lube of the same size and sealed off in 
i^acuo. The pieces of metal were kept in one end of the tube in 
each case so tliat small pieces ol it could be tapped down into the 
healed portion of the container when needed. In this w^ay a num¬ 
ber of experiments could be made without reopening either tube* 
TTie ends of the silica tubes containing the pieces of metal to be 
melted and a thermo couple j unci ion, protected by a silica tube of the 
same thickness of w-all, wxre fastened together with platinum wire 
and inserted into tlic resistance furnace. The temperature was slowJy 
raised to the melting point and the moment at which the sharp 
edged pieces of metal began to flow was observed through a small 
mica window' in the w^ll of the furnace and at the same instant the 
temperature reading w^as taken by a second operator* The metal in 
an atmosphere of hydrogen began to flow' into globular form at 959“^ 
Cp while that sealed off in vacuo melted at 975^^ C, As the temp¬ 
erature of die furnace wras rising quite slowly throughout the experi¬ 
ment a considerable time intei^'al existed between the melting of the 
first and second sample; hence the difference in the two melting 
points could not have been due to accidental variation in radiation 
from the separate containers* The above ex]5eriment was repeated 
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seveinal times, hue ito measurable difftrences in the above recorded 
melting points could tje detected. As a check, small pieces of ver>' 
pure metallic silver uere placed in a silica tulje alongside of the tubes 
containing the samples of germanium and the whole experiment 
repeated- The germanium in hydrogen again melted at 959” C., 
the silver then melted at 961^ C (the true melting point of .that 
metal) while the sample of germanium in vacuo did not melt until the 
temperature rose to 975^ C, 

Meltjsg Point or Germanium in Carbon Di oxides 

Some of the metal which had l>een used in the above experiment 
was placed in a graphite crucible and was covered with a layer of 
sugar charcoal and then melted for one hour at 1000°—1050“ C. The 
surface of the globule was cleaned by scraping and broken as be* 
fore into sharp-edged fragmentSr These were placed in a silica tube 
which ^^s evacuated and filled with dry carbon dioxide and the tube 
sealed off. The particles of metal melted at 958^ C. In this experi¬ 
ment a small amount of oxide was produced as was evidenced by 
a slight film of grayish deposit w'hich collected on the wall of the silica 
container. The mriting point was slightly lower than that recorded 
for the metal in hydrogen, but as the limit of error in temperature 
reading was greater than the noted difference in melting points it 
could not he concluded that a true difference l>etwcen these two melt* 
ing points existed. The formation of oxide leads one to suspect^ 
however, that the melting point was still further lowered. 

FORirATlON OF METALtlC MlRfiORS BY HATING THE METAr. IN 

Vacuo. 

In all of the experiment.s with metallic germaniuiii detailed in 
this paper mirrors of the metal were obtained by vobrilization of 
more or less of the metal and which were simitar in appearance tq 
those ub^ined by M idler and Smith through the decomposition of 
the hydride.* In order to determine whether the fonnation of such 
mirrors was due to simple volatilization of the metal at elevated 
temperature or the presence of hydrogen, the following exijeriments 
w^ere made. 

■ i’hcm. Saf., 44^ igoQ 
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A portion of gentianmm dtoxitlc was mi seed with four times its 
weight of sugar carbon and placed in a narrow bore silica tube clo&ed 
at one end. A plug of sugar carbon was inserted to w'cll cover the 
mixture. I'he air in the tube WtLS then thoroughly exhausted. The 
tube ^i-as connected with the air pump and the mixture slowly heated 
to reaction temperature and finally to looo* C Tlie gas evolved vras 
pumped off continually and the residue cooled in vacuo. The small 
globules of metals were removed and separated from the excess of 
carbon atid were put back in the original tube which had been 
thoroughly cleaned. The tube was then evacuated by the Toeplcr 
pump and sealed off in vacuo. The tube was placed m tiie resistance 
furnace and the temperature of the metal raised to 7G0* C. At 
lliis temperature a distinct mirror of shining metal formed just be¬ 
yond the heated portion of the tulie in the furnace. Five successive 
mirrors were formed by progressively pulling the heated tube short 
distances out of the furnace core. The mirrors formed during thirty 
minutes heating were dissolved by animoniacal ijeroxide and the 
dioxide so produced was determined quantitatively. The unvobtil- 
iKed metal w'as also determined by oxidizing with fuming nitric acid 
and ignition to oxide, 0.130653 iwtal had been deposited as 

mirror and 0.00914 g. of metal had remained in the heated end of 
the tube. 

It is of interest to note that the metal is volatile in vacuo at 760" 
C. and that the rate of volatilization at this temperature was alM>ut 
mg, per hour, 

A tjuantity of metallic germanium w-as prepared by the reduction 
of the oxide in hydrogen and the metal then treated in the same 
manner as tliat recommended by Dennis, Tresslcr and Hance,^ re¬ 
peatedly refusing the metal under a flux of carefully purified sodium 
chloride. The button of n>etal so prepared was boiled with water, 
all visible traces of the flux removed and was then kept in a molten 
state in hydrogen for several hours and cooled in the same gas, llie 
ingot of metal so obtained was broken in half and the two pieces 
treated as follows: One portion was re-fused in hydrogen and while 
molten the tulie was evacuated^ after cooling in high vacuo the silica 
lube container was sealecl off. The other ixjrtion of metal was placed 
" Jmtm ^ Chtm . Scc .^ 45^ g « 
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in a similar tube which was filled with hydrogen at normal pressure. 
The tTfl'Q tubes each containing about O.35 g. of metal, were then 
heated in the resistance furnace, side by side, to a temperature qf 
800“ C. Successive metallic mirrors were formed in each of these 
lubes and were deposited in the cooler part of the tubes just beyond 
the furnaoe wall. As would be expected the evacuated tube gave a 
mirror more rapidly hut volatiJizaiiqn of metal was plainly shown in 
both cases. 

It was realized that jirotracted heating and reheating of germanium 
in hydrt^n above the melting point for the purpose of removing the 
last trace of oxygen would require an indetinitely long time if the 
quantity of metal were large and it should be noted that a quantity of 
the metal as small as o,j g, would require a v^ry long period of heat- 
ing* even at the melting point for complete volatnization. For this 
reason it seemed advisable to wx>rk wdth still smaller amounts of metal 
50 that all of a given sample might be shown to be caiKtble of sub¬ 
limation and thus remove any doubt arising from tile assumption that 
the previously prepared metai contained traces of the lower oxide 
which might liave been mistaken for volatilizing metal. Accord- 
ingly, silica tubes were prepared containing shining opaque mirrors 
of metal by heating a mixture of hydrogen and gemianiuni hydride 
(or hydrides). The hydride-hydrogen mixture was prepared in the 
following manner: Hydrogen w^as evolved from an aluminium-potas¬ 
sium hydroxide generator and the entire apparatus used was swept 
out with this gas. Potassium fluo-germanate (solution in air-free 
water) w^as then allowed to flow into the generator. The evolved 
gas mixture was stored over water from y^hlch the air had been ex¬ 
pelled by boiling under reduced pressure. The water in the gaso¬ 
meter was protected from air contact by alkaline pyrogallol traps. 
Hydrogen was run through the silica deposition tubes and the hydride 
hydregen mixture tlien admitted. At the point heated by a Meeker 
burner heavy metallic mirrors were deposited in the silica tubes- 
Sortie of these tubes were sealed off in vacuo and others sealed while 
filled wHith hydrogen and all were subjected to the heat treatment 
previously described. In every case it was found that these mirrors 
could be completely volatilized from one end of the tube to the 
other aj 800'' C. and by reversing the position of these tubes in the 
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furnace the operation could be repeated as often as desired. No 
trace of nonvolatile residue was visible in any experiment. 

From the above results it seems evident that metallic germanium 
is slowly but completely volatile at temperatures considerably below 
its melting point, and that such volatility cannot be due to an im- 
puritj' in the shape of unreduced lower oxide, though the latter 15 
^distinctly volaiile and likely to be present in the metal as ordinarily 
prepared. 

GF-RiiAxous Oxide, 

In the earlier work of Winkler* it was observed that germanous 
oxide could be prepared by heating mixtures of the metal and the 
dioxide. Latcr^ Bilta * states that germanium dioxide appears not 
to be reduced by germanium under these conditions:, but seems to 
ser^^e only as an alisorbent for air because of its spongy naturep by 
virtue of wliich the gentian!um powders oxidatfon h promoted. 
Dennis,^* heated a mixture of the metal and oxide in nitrogen and 
found that some germanous oxide was produced- 

Some pure germanium prepared as described earlier in this paper 
and which had been reduced at temperatures below the melting point 
of the metal intimately mixed in an agate mortar w ith the equiva¬ 
lent quantity of the pure, equally finely divided dioxide. The mix¬ 
ture containing 0.34156 g, of germanium and 0.49226 g, of the dioxide 
was spread over the bottom of a silica boat which w^as then placed 
in a silica tube. The container w-as then evacuated as far as possible 
with a Toepler pump and sealed off. I'he mixture was slowly heated 
in resistance furnace. Vigorous action began at about 800* C, 
with formation of a dense black suhlimate directly aixsve the boat. 
After half an hour the apparatus w-as allowed to cool and the boat 
removed and weighed. The loss in w^eight was 0.2253S g. which was 
about tvi*^entv'-seven per cent of the original mixture. Reheating of 
the unvolatiliied material in the boat resulted in the fonmtion of 
very' little more of the lower oxide and after long heating the residue 
seemed to be simply unclianged dioxide. 

Prakl . 143 210 ([886), 

* Zciiichr. Anorg, 72 ^ JI 7 (i^il). 

Ant^r, CAfwi. See., 45. 21)41 (1023)^ 
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The black sublini^te W'as digested with i-i hydrfKhloric acid in 
absence of air in which it slowly dissolved. One portion of the solu¬ 
tion gave the yellow hydrated monoxide when treated with an excess 
of ammonium hydroxide and the other portion after nearly neutralis¬ 
ing gave the expected orange germanous sulphide with hydrogen 
sulphide. 

The alKJve cx|jeriment gave deposits of the monoxide which were 
compared with the metallic mirrors previously described. The mon¬ 
oxide is very dark and while of metallic luster does not resemble 
the metallic films obtained from the hydride or by volatilizing the 
metal. 

Metallographic Exami.xatiox of Gkrm axiom Prepared isy 
Different Methods. 

As a possible means of comparing the relative degrees of purity' of 
ntetallic germanium prepared by various methods, saiuisles of metal 
were submitted to ^Ir, A. K. Graham whose cooperation i^ermitted 
the preijaratSon of the metallographic data presented in this section. 

Great care was taken in preparing the samples of metal for 
microscopic study. After placing the samples on a flat glass plate 
inside a half-inch length of three-eigbth-incb copper tube and fiJling 
writh sealing wax, they were taken down on files and graded eniery^ 
and hul>ert papers in paraffin oil by band. The oil wras iwcessary 
to prevent the particles of emery from becoming eml>edded and at 
the same time altow-cd polishing wdthout undue flowing or heating. 
Final polishing was carried out on wet w^heels in the usual manner. 

Two etching reagents were found satisfactory. Ammonium 
hydroxide-hydrogen peroxide mixture attacked the surface of the 
metal very slowly hut uniformly, leaving the impurities for the most 
part unattacked and in relief. Silver nitrate also revealed impurities 
in some of the samples and w^as siuperiqr in its ability to show up the 
grain boundaries, twinningp etc., particularly in the case of the purer 
metal. 

Metallic germanium pre[jared by the methchd described by Dennis 
was first examined. This metal showed large grain structure* see 


CAcffi. Sec.j, 4 $^ ^J7 
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Fig^s. I and 2. The grain bdiindarieii however contained impurities 
and a number oi blow hqies were visible. Segregated areas of this 
inrpurit}' at higher magnification are shown in Figs. 3 and 4. The 



Fig. I. sox. Fic, 3. 50 X- 

Showifig large MnKture, Impurity m bgimdarics and bfowholej. 

material was not readily attacked by the ammonia hydrogen peroxide 
mixture and appeared to have a light pinkish tint. The piece of 



Fic. j. 3p X- Fic. 4 . JSQX. H_0,. 

Inipuriiy within l^ndarirs, Tmpnrtty liniTig blowhole. 

metal was removed from the tube and wax setting without in anv 
way injuring the polished surface and was heated in a stream of 
hydrogen for thirty minutes at 8oo° Q and was cooled m thg same 
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gas. Reexamination under the microscope showed that enclosed 
material in the grain boundaries was either jianly volatile or decidedly 
attacked by hydrogen at this temperature as its polished surface had 



35^ X. U3O3. Fig. 3 ¥*X- 

SmK as 3 atifd 4 ^fier Ir^atincnt in li>drd£CTi at Boo* C* 


nearly disappeared. Figs. 5 and 6 , which correspond to j and 4 ^ 

respectivelvp show the result of this treatment. 



Fig. 7 . 230 X- H,0,. Fig, S. 50 X. AgKO^. 

Alter treatment In hydrogen at 1070* C. for four houf^" 


It was thought that if this materTaJ were readily attacked by 
hydrogen that further subjection of the metal to the action of this 
gas wpuld result in the production of stiti purer metal, especially if 


r 
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tbe t(rmp<rratitre were raised considerably above the melting point and 
ihe liquid metal were agitated to bring the enclosed nmterial to the 
surface. Accordingly the metal was replaced in the hydrogen stream 
at 1070°^ C. and kept so for four hours. The hydrogen w^as pumped 
out while the metal vi^as slowly cooled and the metal was reground and 
polished as before. The metal was now nearly free from blow hole& 
hut the amount of impurity in the grain boundaries instead of becom¬ 
ing smaller appeared to have increased. 



Fig. 9- 50 X- AkNO^. Fig. 10. AffNO^, 

Show twinning as the result m enld werk. 


Fig. 7 shows a large inclusion of the before-mentioned impurity 
standing out in relief and practically unattacked by the ammonia 
hydrogen peroxide reagent. The surface of the nsetal was stained 
as w-as quite common with this reagent. 

Fig* 8 shows the effect of etching with silver nitrate solution. 
The sample was the same as in PTg, but was photographed at 
lower magnification and shows a much larger surface. The quantity^ 
of impurity is quite evident. 

Figs. 9 and 10 shovr a very interesting Case of twinning as the 
result of cold work. It was recognized tliat the metal was brittle and 
could be shattered easily wdth a blow. As a result of cold work in 
preparing the surface, therefore, a number of twins were revealed. 
The lines have definite width and at higher magnification it appears 
that the lines ihenrselves are the tw'ins and not the metal between 
them. 
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Several other cases of twinning: were to be found in this sample* 

One would conclude from the last experiment that either the 
reheating of the metal in contact viith silica^ or the reduction of the 
initial quantity of metal by long heating {volatilization above the 
melting point) 4 were responsible for the increase of the amount of 
enclosed material, consequently the following exi^eriment was carried 
out. 

A sample of the metal prepared by careful slow reduction of the 
pure oxide in hydrogen, was melted in the same gas at lOOO^ C* and 
after grinding and polishing as before^ the surface was examined. 



Eic. 11 . 50 A^NOj. 

Deeply etchijd. Shows small incluisions of grophUe only. 

This metal contained much less impurity as revealed under the micro¬ 
scope, The same sample was now reheated in a graphite boat at 1 200"^ 
C, in an atmosphere of hydrogen for three hours and for one-half hour 
in a high vacuum. Reexamination under the microscope showed a 
considerably higher degree of purityp for iJ^e surface had become of 
dense structure and practically free from blow' holes and enclosed 
impurities. A few hakes of graphite wttc visible but no carbide or 
similar constituents w'ere observed, A further indicatian of the high 
state of purity was observed ujion attempting to etch the surface of 
the polished metal. The etching was obtained only vfith difficulty 
and long contact with the same reagents which attacked the other 






MOLLER, PIKE, GRAHAM-METALLIC GERMANIUM, SI 

samples of metal much more readily. Fig, 3 shows the picture of 
this nietaJ which probably represents as high a degp'ce ol purky as is 
passible to obtain by the methods used. 

1 he constituent which was present in all the other samples must 
be reducible under the combined action of hydrogen and graiA.ite at 
high temperatures. It is probable that hydrogen alone cannot remove 
the impuritVj but that the combined action of carbon and hydrogen 
does so. It is possible that the impurity was a silicide removable 
under these conditions, 


SuMMAStV AND CONCLUSIONS. 

Metallic gemmnitiju is measuraljly volarile in h>tirogen at tempera¬ 
tures considerably below- the melting point of the metal, provided the 
time 0/ heating is extended over periods of a number of hours. 

Geimantuni absorbs detectable amounts of hydrogen when the 
metal is melted and cooled in an atmosphere of that gas. The 

epantity of hydrogen absorbed per gram of metal has been deter¬ 
mined. 

ifirrors of metallic germariium, prepared by decomposition of a 
liydrogen-gennanium hydride mixture have been shown to be com¬ 
pletely volatile both in hydrogen at normal pressure and in \'atuo 
within the same temperature range. The metal in globular form 
made by the reduction of the dioxide in hydrogen and by i^rbon is 
also volatile under the same circumstances. Measurable volatility 
can l>e shown below 800* C. 

Gcraianium dioxide is reduced to germanous oxide by heating an 
intimate mixture of the metal and dioxide in equivalent quantities in 
vacuo, but the reaction appears to be incomplete. Reaction begins 
vigOTOUsly at about Boo C. with volatiliaation of germanous oxide. 

Metallic gennanium appears to have decidedly different melting 
iwints in hydrogen and in vacuo, the presence of the hydrogen lowers 
the melting point appreciably. 

’ relative degrees of jiurity of metallic gerntanium prepiared 

in 1 erent ways have tieen studied metallographically and thus method 
of exammation seems to indicate that the combined action of carbon 

hydrogen is more effective in completing the reduction to metal 
than hydrogen alone. * 
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A final heating of nearly pure germanium (by hydrogen), in a 
graphite boat in hydrogen^ followed by cooling the metal in vatuo re¬ 
sults^ in the production of pure germanium. 

Microsopic examination of polished and etched surfaces of the 
metal &hows an interesting case of twinning crystals of germanium 
produced by cold \sx>rking the metal. 
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THE QUANTITATIVE DETERMINATION OF SELENIUM 
AND TELLURIUM. 

Bv VICTOR LENHER. 

(Prad fry tilU April l^.) 

The separation of the two element, selenium and tdlnrium, i$ not 
as perfect as is commonly supposed. Their chemical behavior is so 
similar, their precipitation out of solution is in general effected by 
the same order of reducing agents and their higher oxidized com¬ 
pounds, the selenates and telLurates, liberate chlorine with hydro¬ 
chloric acid in so similar a manner that it is only by fine distinction 
in choice of reagents and manipulation that it is possible to perfectly 
separate the two elements. 

As is the case with chemical elements of similar character, they 
are associated with each other in nature. Tellurium Is associated 
with selenium in the selenides and selenium is always associated with 
tellurium and with the tdlurides. 

In our present commercial elements which are separated with the 
view of producing pure materials, there are more than traces of 
selenium in tellurium, and more than traces of tellurium in selenium. 

Today the sole supply of these elements in the United States ts 
as a by-product in the electrolytic refining of copper. 

The qtmliiatwc delccUint of these eJements is relatively simple, 
uming sulphuric acid or hot concentrated sulphuric acid give char- 
actmstic colors. Selenium gives a green color while tellurium gives 
^ .p These colors are attributed to the formation of SeSO^ 

or TeSO„ The cobra arc discharged by boiling. The green sele¬ 
nium color Completely fades and selenium dioxide is produced. The 
j solution, by continued heating gradually loses its color 

an na y becomes colorless, and basic sulphate of tellurium is 
omidd. The green-cnlored sulphuric acid solution of selenium when 
I utc with water gives a precipitate of bright red amorphous sele¬ 
nium which becomes black on heating. The red-colored sulphuric 


t 
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acid solution of tclturium wlien diluted with uater gives a precipitate 
of black, finely divided etementary tellurium* 

This sulphuric acid reaction for these elements is practically use¬ 
less for mixtures of the elements except in cases where the tellurium 
content is so high that the lesser amount of the green selenium does 
not interfere* 

The usual tests for seleniutn are naturally those made in the wet 
way. Selenium forms a number of types of compounds, the oxidized 
and the non-oxtdized. Ihe oxtdized tj'pes follow the oxides and acids 
of selenium, thus selenious oxide, dissolves in water to form seteni- 
ous acid* H.ScOj, which in turn forms the selcnites* and selenic 
acid, H.5e04, which forms the setenates* The solubility' in water of 
the seicnites follows closely that of the sulphites* They are not, 
liowcver, in any sense reducing agents* 

Selenic acid which in many respects closely resembles sulphuric 
acid, forms salts which in their solubilities closely resembles the sul- 
pliatcs* There is. however, one important divergence from the 
chemistry of sulphuric acid. Selenic acid and all of the selenates 
when wanned with hydrochloric acid act as an oxidizing agent and 
liberate chlorine, being in turn reduced to selenious acid or to the 
selenites. The selenites in solution arc with difficulty oxidized to 
the selenates, but so far as analji'tical results are concerned, the oxida¬ 
tion, methods are not available. The oxidation in dry form by means 
of alkaline oxidizing fusion completely converts the selenite to 
sclenate. 

The most used wet nietltod for testing selenium consists in pre¬ 
cipitating it in tlie elementary form by one of the stronger reducing 
agents. Sulpliur dio.xide is certainly the most common reducing 
agent used and has been used since the earliest days. The solution 
containing selenious add should be acid with hydrochloric acid and 
the sulphur dioxide can l>e used as the gas or as a solurion in water. 
The selenium will precipitate as the red amorphous variety which on 
warming goes over into the gray crystalline form. 

Hydrogen sulphide gives with sefentous acid solutions a lemon yel¬ 
low colored precipitate of the sulphide of selenium which is soluble in 
ammonium sulphide. The precipitate is not stable, but rapidlv dis- 
sociatis into sulphur and red selenium* 
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Ferrous sulphate, hydroxylaniitie hydrochloride, hydrazine hydro- 
chloride^ phosphorous acid, hypophosphorous acid, titanium trichlo¬ 
ride and stannous chloride precipitate red selenium in the cold from 
selcnfous acid solutions ; on warming this red variety" goes into 
the gray cry'stallinc form. 

Potassium iodide with either a selenite or selenate solutiotip when 
acidiBed with hydrochloric acid gives in the cold, red selenium which, 
when warmed, causes the iodine to distil and the red selenium to go 
over into the gray form. 

Barium chloride, when added to a neutral selenite solutionH gives 
insoluble white barium selenite, which is soluble in hydrochloric acid. 
Barium selenate formed by the addition of a $etenate to a barium 
chloride solution, is insoluble in water^ but when boiled with hydro¬ 
chloric add^ it, like all selenates, is first reduced with evolution of 
chlorine and formation of selenile which dissolves in the hydro¬ 
chloric acid. 

Selenium as well as selenium containing compounds before the 
blowpipe in the reducing flame give characteristic fumes that are 
commonly described as having a putrid horseradish odor. A char¬ 
acteristic blue color is given in the oxidizing flame. The white di¬ 
oxide of selenium volatilizes directly before the blowpi|>e without 
melting. 

Of the non-oxidiacd compounds of selenium, the most important 
are hydrogen seknidc and the selenides of the metals. The gas hy¬ 
drogen selenide is formed c-xactly' as is hydrogen sulphide by the 
treatment of certain selentdes with dilute acids. Among the most 
convenient reacliDns are those with hydrochloric acid and sodium 
selenide, iron selenide and m^nesium selenide. The evolved gas is 
extremely irritating but not particularly toxic. With the heavy 
metals it gives insoluble selenides. The gas is easily oxidised by the 
oxygen of the air and readily deposits red selenium. The soluble 
selenides are likewise unstable, being readily oxidized by the air with 
the production of red selenium. 

The more common tests for icltnhum arc like those with selenium, 
made in the wet way, and this eleiuent also forms oxidized and non- 
oxidized compounds. 

The o.x3dized compounds of tellurium follow the acids, telfurous 
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and (elUiric. which grive corresponding salts, the (elliirites and the 
lellurates. The salts of the alkaline metals with telkirous acids arc 
soluble, all of the heavier metals form insoluble salts. It should be 
noted tliat the soluble alkaline tellurites are decomposed by carbon 
dioside forming insoluble tetra-tellurite salts. Tellurium dioxide 
unlike selenium dioxide, is insoluble in water and while it can be 
formed by the oxidation of elementar)' telliiHum, it U also produced 
by the hydrolysis of such compounds as the tetracWonde or basic 
nitrate when it appears as a white insoluble product. Indeed, the 
solution of any tellurium compound in hydrocbloric acid is precipi¬ 
tated by water and by this test alone can be easily mistaken for 
antimony. 

Telluric acid HjTeO^aH.O is readily stoluble in water and gives 
with the alkaline metals the readily soluble tellurates. With the 
heavier metals, the salts are Insoluble. Here again, it is to be noted 
that the alkaline tellurates formed by oxidizing the tellurites by roast¬ 
ing in tbc air are insoluble and are possible salts of a second modifica¬ 
tion of telluric acid. 

Telluric acid, or any of the tellurates, when warmed with hydro¬ 
chloric acid, evolve chlorine, being in turn reduced to tellurmts acid 
or to the tellurites. The tellurites in solution are oxidized only with 
great difficulty to the tellurates, hence this procedure is not availahle 
for purposes of analysis. The dry oxidation by means of an alkaline 
oxidizing fusion completely converts the tellurite to tellurate. 

The most used wet method in testing for telturium, is by the use 
of one of the stronger reducing agents when the element is precipi¬ 
tated in elementary form. Sulphur dioxide is naturally one of the 
most convenient to use. T he solution should not contain more than 
iy per cent, free hydrochloric acid, and preferably less. The sul¬ 
phur dioxide can be either introduced as the gas or in aqueous solu¬ 
tion. Elementary' tellurium is also throwm out of solution and ap¬ 
pears as a finely divided black precipitate. 

Hydrogen sulphide gives a prccifutate which is at first red brown, 
but quickly darkens due to the dissociation of the sulphide of tellu¬ 
rium, which is at first precipitated, into sulphur and elementary tellu¬ 
rium. The precipitate is soluble in tlie alkaline sulphides. 

.S&nnous chloride, hy^jophosphorous acid, hydrazine hydrochlo- 
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ride, metallic zinc, aluminum, inagnesiuin, precipitate black, finely 
divided elementary tellurium, 

Titanium trichlcride precipitates elementary tellurium both from 
the tellurites and from the tellurates. 

Barium chloride precipitates barium tellurite from tellurous 5olu^ 
tion5. the precipitate is soluble in hydrochloric acid. With tellurates, 
a white precipitate of barium tellurate is formed which on treatment 
vAlh. hvdrocblorie acid evolves chlorine and forms the tellurite of 
barium, which is soluble in hydrochloric add. 

QuALiTAtJVE Analysis of Complex Mixtures of 
AND Tellurium, 

A portion of the substance to l>e tested is treated with either aqua 
regia or a mixture of potassium chlorate and hydrochloric acid and 
the free chlorine expelled at a temperature below boiling in order to 
prevent loss by voLatization of the chlorides of selenium or tellurium. 
The solution is diluted and the insoluble matter removed by filtra- 
don. Hydrated tellurium dioxide may be precipitated, but it ts re¬ 
dissolved by further addition of hydrochloric acid. The solution is 
treated with sulphur dioxide either by addition of the gas or of an 
aqueous solution of a soluble siihdiite. A precipitate indicates the 
presence of selenium, telhiriuin, or gold. 

1. TIte precipitate can be allowed to settle^ and the supeniatant 
liquid decanted. The precipitate is warmed in nitric acid, sp. gr. 1.2 
when the selenium and tellurium if present whll dissolve, leaving the 
gold tnsolubler The nitric acid solution containing the selenium and 
tellurium is evaporated at a low temperature with excess of concen¬ 
trated hydrochloric arid to expel all of the nitric acid and then 
treated in strong hydrochloric acid solution w^ith sulphur dioxide. A 
red precipitate, which on warming turns black, indicates selenium. 
The selenium precipitate is filtered by means of an asbestos filter 
and the solution ts diluted and treated with more sulphur dioxide; 
black elementary' tellurium precipitates if present* 

2, The sulphur dioxide precipitate containing possibly selenium, 
tdlurium or gold, may give the diaracteristic colors with sulphuric 
add. The well washed and dried precipitate is treated with fuming 
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sulphuric add in the cold or hot concentrates sulphuric acid wheu the 
green of seJenium or the red of tellurium shows a color reaction. 

SccoxD Proceoure, 

Crude selenium or tellurium contatning matenal is fused with 
five or six times its weight of potassium cyanide. Tellurium forms 
potassium telluride, while selenium and sulphur form seienocyanate, 
and sulphocyanate. The fusion Is extracted with water from which 
tlie air has been removed by boilitigp which will remove the teUtirium 
as purple potassium telluride, the selenocy^anate and suiphocyanatc of 
potassium dissolving to colorless solutions. Any heavy metals re¬ 
main ifisolubte and can he filtered off. Air is bubbled through the 
solution when the purple color of the telluride is discharged and ele¬ 
mentary tellurium is throwm out of solution as a black precipitate. 
This can be verified as tellurium by filtering and making the sulphuric 
acid test. 

The solution of iselenocyanate and sulphoc>'anate which is in the 
filtrate from the air oxidation of the tellurium can be treated linrfcr 
a ^oad hood with hydrochloric acid when hydrocyanic acid is set free 
and red selenium is precipitated. This can be converted to the gray 
variety of heating the solution and can be further verified by the 
sulphuric test- 

QUAKT^ITJ^TIVE METHODS, 

Selenium and telluriunt can be separated from the other metals 
and from the non-metals by tl>e use of sulphur dioxide in hydrochloric 
acid solution. In strong hydrochloric acid, sp- gr, r.143, selenium 
is predpiiaied and when the acid is more dilute, tellurium. Gold is 
simultaneously precipitated. The well w^ashed precipitate can be 
separated from gold fay treatment with nitric acid of sp. gr. t, 2 
w'hich dissolves the selenaim and tellurium but does not dissolve 
gold. The solution can be carefully evaporated with hydrochloric 
acid to destroy the nitric and convert to chlorides. The chloride 
solution wlien it contains considerable free hydrochloric acid can be 
used for the separation of selenium and tellurium from each other. 
Since both selenium and tellurium are precipitated by sulphur dioxide, 
they a^'e likely to be together and any precipitation of selenitim en- 
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tails a separation from t-elUirium. These clement & can be perfectly 
separated by sulphur dioxide if proper conditions art fulfilled. The 
sulphur dioxide method of selenium and tellurium was first suggested 
by Divers and Shimose ^ and was later modified by Keller * and has 
been studied in considerable detail by the author. It is known that 
the concentration of the acid is very important and that the ratio of 
tellnrium to the concentration of the solution is an equally important 
factor. With hydrochlorie acid having a concentration of aS.25 per 
cent. sp. gr. 1.143, tellurium is not precipitated by sulphur dioxide* 
This IS the minimum concentration of hydrochloric acid which can 
be used, but higher concentrations can be used if the amount of 
selenium is small and the solution is kept cool. When working in 
these strong solutions, it is essential when any reducing agent is added 
that the solution should never be warm, since volatile selenium mono^ 
chloride will be produced and will disttl, giving low selenium results. 
With hydrochloric acid having a lower concentration than 2S per 
cent., tellurium slowly precipitates. A volume of 150 cc. is used in 
the analysts and not more than 0.25 gm. of tellurnim should be pres^ 
tnt. It is likewise important that not more than 0,25 gram of 
selenium be present. 

When concentrated hydrochloric acid is added to a strong and 
warm sclcnious add solution and sulphur dioxide gas is passed into 
the solution, elementary selenium does not precipitate but the solution 
turns red due to the production of selenium monochloride. This se¬ 
lenium monochloridc is so volatile that most of the selenium may be 
lost by distillation^ when the solution is warmed, and is subsequently 
lost. When the concentration of the hydrochloric acid is greater 
than 28 per cent, a yellow' or red coloration is produced, whose in* 
tdnsit>' depends on the amount of selenium w'hich is present. Dilu¬ 
tion with an excess of stronger hydrochloric acid which has been 
saturated with sulphur dioxide in the cold, is effected, wdth the result 
that the monochloride of selenium is hydrolyzed and complete pre¬ 
cipitation of elcmentarv' selenium is effected, 

A large excess of sulphur dioxide is necessary for complete pre* 
cipitatiou of elementary selenium from this strongly arid solution. 

* CAmi. Nntr'j, 4-^ 26 : IbiiL 199 (18&5L , 

*/pMr, Arnfr, Chfm. Soc., 19, (1897); 22, 241 (ipol). 
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The temperature of precipitatioii is aUo of great importance. 
When selenium is precipitated by sulphur dbxide in the cold, it al“ 
ways appears as the amorphous red variety. This, when warmed, 
goes over into the gray cry'stalline variety' and during this transfor¬ 
mation there will always be Dccluded whatever is present in tlie solu- 
tion—metallic salts, tellurium, hydrochloric, sulphurous, sulphuric 
acids of the reaction, and even water. The solids and gases cannot 
he removed by cotitinned washing and the w'ater cannot be removed 
without giving abnormally high results. It is therefore obvious tliat 
red selenium precipitated by sulphur dioxide cannot be transformed 
into the gray-black V'ariety' without obtaining high results. 

The procedure recommended is as follows: The oxides of sele¬ 
nium and tellurium, which should not contain more than 0.25 gm, of 
either element, are dissolved in 100 cc. of cold concentrated hydro^ 
chloric acid. 50 cc. of this acid which is saturated with sulphur di¬ 
oxide gas are added wath constant stirring. When concentrated 
hydrochloric acid is used w'ith a large excess of sulphur dioxide, sele¬ 
nium monocliioridc is not formed in the cold. The solution is then 
allowed to stand in the cold until the red selenium settles, it is 
filtered through an asbestos filter and the precipitate washed with 
cold hydrochloric acid, then with cold water until all of the chloride 
is removed and finally alcohol to displace the water and ether to dis¬ 
place the alcohol. It is necessary that the water be removed at once 
from the red selenium, since it cannot be removed later. The red 
selenium is dried 3-4 hours at to remove the ether, after 

w'hich it is heated at j 20*—130° for one to tw'o hours to render the 
selenium perfectly dry. When any moisture is allowed to remain 
in the red selenium when it is converted to the black variety, high 
results due to oxidation will always result. Tellurium can be pre- 
cipilaled in the filtrate by hydrazine hydrochloride and sulphur di¬ 
oxide.^ 

One of the older methods which have been recommended is to 
prepare the sulphur dioxide for the selenium precipiiarion, directly in 
the solution by the addition of sodium sulphite or of sodium acid 
sulphite. This, on account of the sulphur w^hich may be present in 
elementary' form, w'ould better l>e replaced by i^ulphur dioxide gas. 

* Lenher aud HombcrRcr, Jour. Am^r. S’uc,, 30 , 387 (igoB). 
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The use of certain reagents which will give most excellent quali¬ 
tative tests for selenium such as ferrous sulphate, titanium trichloride, 
phosphorous acid, hypophosphorous acid* or stannous chloride, while 
they give red precipitated seleniuin, which on warming goes over to 
the gray variety, has not been successfully worked out as a quantita¬ 
tive procedure. In all cases the chief difficulty has been the occlusion 
of the precipiialifig reagent or the side products of the reaction. 

The precipitation of selenium by such means as iron* aluminum, 
magnesium* zinc, etc., is obviously unfitted for accurate work. 

flydroxyiamine hydrochloride, which was studied by Jannasch 
in the go's has proven to be a most efficient reagent for precipitating 
selenium and for separating it from other elements. It can be used 
in cither acid or alkaline solution. It makes possible a number of 
methods of separation of selenium and tellurium. 

Potassium iodide is a most excellent reagent for the precipitation. 
It gives red selenium when added to a selenious solution containing 
free hydrochloric acid, free iodine being liberated at the same time- 
It is possible to remove this iodine by boiling when the selenium is 
simultaneously converted to the gray variety. Gooch and Pierce* 
prefer the titration of the liberated iodine by a scdiiim arsenite solu¬ 
tion. 

With selcnates, the potassium iodide procedure for selenium is 
most excellent, red selenium is precipitated from the hydrochloric 
acid solution of the selenate with the liberation of correspondingly 
larger amounts of free iodine. This free iodine can be distilled 
from the solution without any difficulty and the red selenium at the 
same rime is converted into the gray vTiriety. 

Selenic add and the selenatcs can be analyzed by boiling ® with 
hydrctchloric acid when chlorine is evolved. This chlorine can be 
estimated iodometricaJly, Gooch and Reynolds" boil the selenate 
or selenic acid with po^ssium iodide atid hydrochloric acid and col¬ 
lect and titrate the distilled iodine. 

Xorris and Fay' use the sO'Catled thiosulphate method, which 

Uhnt. Sf. C-i). n ji (i^), 
ij, aSf? 

/flum. Si. (3>, so. 358 
■/IwF', Chtm. lowrn,, sj, 119 
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consists in treating a hydrochloric acid solution of sdenious acid with 
a measured excess of standard sodium thiosulphate and then titrate 
the excess of thiosulphate with an iodine solution. 

Seleniotts compounds can be oxidised by potassium permanga¬ 
nate to selenates. This has been used by Gooch and Clemons * as a 
volumetric procedure. A measured excess of standard permanga¬ 
nate is added to the acidified solution of the selenious acid followed 
by an excess of standard oxalic acid. The excess of oxalic acid is 
then titrated with permanganate after heating, AH of this is done 
to avoid the fading end point which permanganate gives with the 
selenite. 

Selenium can be separated with ease from the metals whose 
chlorides are nonvolatile. If the selenium exists as selenide, 
in a current of chlorine gas will cause the selenium to be completely 
volatilized as selenium tetrachloride. This can be collected in water 
and reduced by means of sulphur dioxide or hydroxylamine hvdro- 
chloridc and weighed as elementary selenium. In the case of a 
selenite, hydrochloric acid gas should be used when the product is 
SeOjSHCL, which 1$ volatile and from which elementary selenium 
can be precipitated and weighed. The selenates with hydrochloric 
acid gas give SeO, . sHCL and chlorine, 

QuANTJTAflVE MeTHOPS FOR TELLURIUM» 

Tellurium can be determined gravimetrically and separated at 
the same time from most of the eletnents except gold and selenium 
by a number of reducing agents. 

Sulphur dioxide is the oldest of the precipitating agents and was 
used originally by Berzelius. The reagent is used in either dilute 
hydrochloric acid solution or is added in the form of sodium sulphite 
or sodium acid sulphite. The same oblections are made to the use of 
tlie sulphites with tellurium as in the precipitation of elementary sele¬ 
nium, that is, they may contain free sulphur, which is a grave criticism 
to their use. The great objections to the use of sulphur dioxide in 
dilute hydrochloric acid solution is that frequently the complete pre¬ 
cipitation is greatly delayed, Twenty*four hours is the minimum 
^ Alter. Jcuni. Se. (3), so, st (iSoi). 
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tim* that such a solution must stand and it is recommended that the 
solution should be kept warm. It is not uncommon for the tellurium 
to be incompletely precipitated in that len^h of time. A second 
ver>* serious objection to the use of sulphur dioxide is that the finely 
divided precipitated tellurium will superficially oxidize readily even 
if washed with alcohol and ether and dried at 105'’. This has been 
noted by Schwetter,"^ Eraunerp*^ Norris and FaVp** Crane,^^ Fre- 
ricks,^^ and Lenher and Hotnberger.*^ 

The use of hydrazine hydrochloride has been recommended hy 
Gutbicr as a precipitating agent in the determination of tdlurium. 
The reagent gives fairly good results, but as is the case w'ith sulphur 
dioxide, the precipitation is somewhat delayed. 

The use of hydrazine hydrochloride and sulphur dioxide has been 
stiggested by Lenher and Homberger^* as a precipitant for tellurium 
inasmuch as the reduction is almost mstantaneoug and the danger of 
oxidation during the drying is niinimized. The use of the twm rea¬ 
gents is applicable to both tellurites and tellurates. 

The tellurium containing solution should have an acidity of to 
per Cent, free hydrochloric acid and the solution should be as concen¬ 
trated as possible, otherwise the tellurium will be precipitated in a 
finely divided condition and will be difficult to wash. The solution 
is heated to boilingp 15 cc. of a saturated solution of sulpliur dioxide 
are added, follow-cd by lo cc. of a 15 per cent, solution of hydrazine 
hydrochloride and again Z5 cc. of saturated sulphur dioxide solution. 
The boiling is continued until the precipitate settles in such a wry 
that it can be readily filtered and washed. This precipitation should 
not take more than five minutes. The precipitated tellurium is col¬ 
lected on a Gooch filter and is washed w'ith hot water until all of the 
chlorides are removed, after which the water is displaced by alcohol 
and the crucible and contents dried at 105®^ This method has been 
^CktMr AWj. 87, t? (i!?05). 

Chem. 55, 392 

Chrm. Jount., 50 , 278 (r89S>. 

Chem. liyunt., (T900). 

^^JoujTT. Fr. CK, 66^ 2ei. 

Chirm. Stre., 30. 5S7 {1906), 

J4, 2724 C190J), 

Amcr , 30^ 387 Cil^oS). « 
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used in tlie author’s laboratory for many years and with many thou¬ 
sands of telluTium determinations and has proven itself the best all 
around method for teUurium available. 

Elementary tellununi can be precipitated by sugar from alkaline 
solution The precipitation is complete but the tellurium is difli- 
cult to wash. 

Hydrosulphurous add has been studied as a reducing agent by 
Maciv'or and Douaih,*® The precipitated etement always contains 
sulfur^ 

The predpitation of tellurium by ni^ns of h^TJophosphorous 
add, titanous chloride, or by the metals is unsatisfactory on account 
of the various impuriites which are coprecipitated. Brautier has 
suggested that the stannous chloride reaction be made the basis of a 
volumetric pnxedure. He adds an excels of a known solution of 
Stannous chloride, which precipitates the elementary' tellurium and 
titrates the excess o£ stannous chlorine with a standard iodine solu¬ 
tion. Brauner^ has described a method of titration by means of 
potassium dichromate, the details of which have been later modified 
by Lenher and W'akefield and which have been verified by Schrenk 
and Browning.** The details of the method are quite important. 
A sample of the material containing from o.i to 0.3 gm. of tellurium 
dioxide is dissolved in 10 cc. concentrated hydrochloric acid and 
diluted to 200 cc, with i^-ater, A measured excess of N/lO dichro¬ 
mate is added from a burette and the solution allowed to stand for 
half an hour* A mea-sured excess of standard ferrous sulphate solu¬ 
tion is then added and the surplus of ferrous salts is titrated with 
jV/fO dichromate using potassium ferricj^nide as an outside indi¬ 
cator. 

Brauner'* has used the potassium pcrmaganate titration of tel- 

Fw. 437 (1^72). 

fw, 13, 1^2 (1^74). 

87, I6j (ipOl). 

^ ZriO CTftritn,, 5, 214 (1S90), 

Zn'l.. JO, 707 (1891) . 

Chfm. Sac., 

^^Uwrn. 44m^r. CArm, Sof., 4$, 1423 (1922), 

^^lottrn. Amirr. Chcm. Sac., 4%, 139 (192SI. 

^^^lonaishirfic, 12, ^ (1891), 
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Irnitc and tdlurate. He has worked with an excess of perinaganate 
followed by an excess of oxalic acid and back titrates with standard 
permanganate. Goochand his collaborators have followed the 
same lines. Norris and Fay add an excess of sodium hydroxide 
and follow with permanganate. The solution is then chilled and 
treated with potassium iodide and sulphuric acidp after which it is 
titrated w^ith sodium thiosulphate. iTiis procedure is modified by 
Gooch and Peters by titrating the iodine by a sodium arsenite solu' 
Uon. Gooch and Morgan” suggest the precipitation of Tel^ in a 
solution containing 25 per cent, free sulphuric add. The end point 
of the titration is the complete precipitation of the iodide in a potas¬ 
sium iodide solution, 

Gooch and Howhnd have used the principle of boiling telluric 
acid w^ith potassium bromide and diluted sulphuric acid, brcmiine is 
evoh'ed and is absorbed in potassium iodide solution. The liberated 
iodine is titrated with sodium thiosulphate solution. 

Tellurium or non-oxidized tellurium containitjg compounds, when 
heated in chlorine gas* yield their tellurium content as volatile teh 
lurium tetrachloride, which is a separation from the elements which 
form nonvolatile chlorides. 

Telluric acid or the tellurates when boiled ivith hydrochloric acid 
are reduced with formation of tellurous acid Or the tellurites, with 
evolntion of chlorine. This chlorine can be conducted into potassium 
iodide and the liberated iodine can be titrated with sodium thiosul¬ 
phate or sodium arsenite. The tellurites or tellu rates when heated in 
a current of hydrochloric acid gas give the volatile compound 
TeOa^HCL with the tellurites and in addition free chlorine with the 
telbrates. The tellurium in this volatile compound can be deter¬ 
mined gravimetrically after absorbing in w^ter. 

All of the above described methods will effect the precipitation 
of tellurium and afford its separation from all of the elements except 
selenium and gold. 

-*Amm Joum. Sc, (3), 44, jor (1%?) ; ibid. (4), 135 

Wht. CAi'hi, 20, 276 (1^). 

Jmm. Sc. (4}, S. 13 S (1899). 

/Mfru. Sc. (4)^ 2. (1596). 
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Since gold is precipitated by the many reducing reagents which 
precipitate tellurium, its separation from gold in all cases must be 
made- This is done very simply and since selenium is in many cases 
co-precipitated w'ith the tellnrium^ it must also be separated^ 

Gold is remosed from a precipitate containing either selenium or 
tellurium or both^ by treatment with nUric acid of 1.2 sp, gr, the 
selenium and tellurium will dissolve but the gold will not. The nitric 
acid solution can be evaporated with excess of hydrochloric acid at a 
low temperature to avoid loss of selenium and the chlorides are ob¬ 
tained. 

Wlien selenium and tellurium are both present in solution, the 
following methods are suggested: 

Sclenluiti and tellurium w^hen together can be separated by the 
principle of the volatility of selenium chloride frotn sulfuric acid 
solution when tteated with hydrochloric acid gas. The method was 
apparently first worked out by Krtorr and has been somewhat modi¬ 
fied by Scott Til is has been later improved by Lenber and D. P. 

SmithThe method consists in heating a mixture of the selenium 
and tellurium containing material in a 150 cc. Pyrex flask in presence 
of concentrated sulphuric acid to a temperature of 300^-330“ C. and 
passing hydrochloric acid gas through this acid solution. The sele¬ 
nium distills as chloride while the tellurium remains behind- The 
selenium in the distillate is collected lu cold water and precipitated by 
sulphur dioxide while the tellurium remaining in the distilling flask is 
preetpitated by hydrazine and sulphur dioxide after the acid is diluted 
to a concentration of not over 7 per cent. 

The method is accurate for either high or low amounts of $elc-^ 
nium or tellurium. 

The separation of tellurium from selenium and sulphur by means 
of potassium cyanide is an old method. The reactions involved were 
known to Berzdius. .As a means of separation, the method was 
studied by Crookes ^ and by Oppenheim/* 

The method gives excellent results as a means of separation and 

Standard Methods of Chemica[ Analysis” Vol. L. 423 <1925)- 
”/ihJ. amt En^. 161. S37 (14^1). 

"Jownt. fir. Pr. Citem., 53. 161 

^^Jrum. fir. Pr. chem., 71. 336 (iBj?); Jbtd,, Si. jo8 (i860), 
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preparatipn of tellurium* but it is of questionable value as an accurate 
method of separation of the three. The cyanide separation can be 
conducted eitlier by fusing' any sulphur, selenium, or tellurium mix¬ 
ture with potassium cyanide or by treatment of the pt capita ted ele¬ 
ments with a solution of potassium cyanide. 

A mixture of the elements or their compounds is conveniently 
fused with excess of potassium cyanide when the sulphur is converted 
to sulphoc3~anate, the selenium to solenocyanate^ and the teUuriunrt to 
potassium telluride. The sulphocyanate and selenocyanate arc readily 
soluble in water to colorless solutions wrhile the telluride is soluble to 
a purple or pernmnganate color. This purple-coloTcd solution is de¬ 
composed by bubbling a current of air through it when elementary 
tellurium is precipitated. This tellurium can be collected on a 
Gooch crucible and washed thoroughly w^ith hot water and weighed- 
The results are slightly low due to loss hy volatizadon in the fusion 
or by slight □xidation of the telluride to tellurite. It is possible to 
recover this oxidized tellurium but the procedure involves consider¬ 
able manipulation. To avoid the formation of tellurite, it has been 
suggested* to conduct the cyanide fusion in an atmosphere of hy¬ 
drogen. 

The solution containing selenocyauate and sulphocyanate after 
treatment with air* yields red eletneiitary selenium when treated w'ith 
hydrochloric acid, evolving at the same time large quantities of poi¬ 
sonous hydrocyanic acidj the operation must therefore be conducted 
in a hood. The selenium can be collected, washed wclh dried, 
and w'cighed. The sulphocy-anate does not interfere in any w’ay^ 
The small amount of tellurite formed in the fusion is found in the 
final solution from which it is recovered by means of sulphur dioxide 
and hydrazine hydrochloride. 

Selenium and tellurium can also be separated by boiling the pre¬ 
cipitated elements with a solution of potassium cyanide which wHl 
dissolve the selenium. The mechanical details of the treatment sub¬ 
sequently are exactly the same as when a cyanide fusion is made# 

The method of precipitation of elementary tellurium by sugar in 
alkaline solution suggested by Stolba ^ gives all of the tellurium, but 
*^Frts. u, (iSyz). 
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on long boiling or standing a small amount of ^lenium separates out, 
htmoe the method has not worked successfully as a quantitative 
separation. 

Both ferrous sulphate and phosphorous acid which precipitate ele¬ 
mentary selenium but not tellurium have nut proven satisfactory^ 
quantitative procedures. 

The formation of insoluble tellurium dioxide by boiling of the 
acetic acid solution has proven to he of great value in the separation 
uf tenurium from the readily soluble selenious acid. The procedure 
recommended by Browming and Flint “ is to treat a dilute hydre^ 
chloric acid solution of ihe oxides with dilute ammonia in slight 
excess, followed by the slightest excess of acetic acid. Crystalline 
tellurium dioxide is precipitated by boiling while the selenium re¬ 
mains in the filtrate. The dioxide of tellurium can be dried at 105*^. 

The differential volatility of the bromides has been made the basis 
of a separation by Gooch and Pierce.®^ They dissolve the oxides in 
potassium hydroxide, add an excess of phosphoric acid, add potas¬ 
sium bromide, and distil in carbon dioxide. The bromide of sde- 
nium distils and liberates iodine w'hich is titrated by sodium thtosub 
phate. 1 he bromide of tellurium does not vtilatili2e, hence remains 
in the distilling apparatus. 

The separatton of selenium and tellurium can be conducted with 
excellent results by means of hydroxylamine hydrochloride in the 
presence of hydrochloric acid and of certain organic acids. Hydro¬ 
xylamine hydrochloride under certain definite conditions wdJl pre¬ 
cipitate selenium but not tellurium. 

The proper concentration of hydrochloric acid, when it as used, 
is essential, 17 per cent, concentration or a density of 1.0S5 is recom¬ 
mended. If the acid he more concentrated, selenium may be dis¬ 
tilled ; if the acid be more dilute, the selenium precipitation w^ill be 
much delayed. Further* if quite dilute hydrochloric acid be used, 
hydrolysis of tellurium tetrachloride takes place, with the precipita¬ 
tion of tellurium dioxide. 

The prcicedure is to use a half gram or less of tlw oxides, 

5 r. ( 4 }u a®, [12 (190^). 

Journ. Sr. {4h ip (1S96). 
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dissolved in J5-45 cc. of concentrated hydrochlonc acid in tlie cold 
and diluted to itx> cc. with water. To this is added 10 cc. of a 25 
per cent, solution of hydroxylaniine hydrochloride and the solution 
heated for four hours. Black selcnittni is precipitated and with the 
conditions as given the selenium Vp’ilt not lie precipitated in the red 
form and is free from occluded substances as wilt invariably occur in 
the precipitation of red selenium by sulphur dioxide in the cold and 
then transforming by heat into the gray or black variety. 

The black selenium can be brought on a Gooch filter, washed 
W'ith wateCp then alcf^hoi to displace the water and dried at iIO". 

The filtrate is evaporated to 50 cc, on a steam bath, 15 cc. of a 
saturated solution of sulphur dioxide is added followed by 10 cc, of a 
15 per cent- solution of hydrazine hydrochloride, then 35 cc. more of 
the sulphur dioxide solution; complete precipitation of the tellurium 
is clTected in five miuulesK when the teilurium is transferred to a 
Gooch filter, washed with water, followed by alcohol and dried at 
IIO^ 

lit tlie presence of tartaric acid, hydroxylamine hydrochloride 
precipitates selenium completely but not tellurium. The ntanipula- 
lion is as follows: The mixture of the two oxides 15 dissolved in the 
lease possible excess of so^iiiiti] hydroxide, a 25 per cent, tartaric 
acid is added until the precipitated tellurium dioxide just redissolves, 
then 25 cc. more are acJded. The solution is diluted to too cc. 
heated to 90*^ and 10 cc. of a 25 per cent, solutton of hydroxylamine 
hydrochloride are added. The mixture is kept at 90“ lor four 
hours. Selenium is precipitated and can be washed with water fol- 
lowetl by alcohol dried at no* and weighed. 

The filtrate from the selenium is concentrated to 50 cc, and the 
Tellurium is Ixr.st precipitated by hydrazine hydrochloride and sniphnr 
dioxide using the Lenher’-Homberger methocL 

In the presence of citric add, the oxides of selenium and tel¬ 
lurium are dissolved in sodium hydroxide, a solution of 3-5 per cent, 
of citric add is added, the solution is diluted to 100 cc* and 10 cc, of 
a 25 jjer cent, solution of hydroxylamine hydrochloride are aclded. 
The selenium is then precipitated by heating to 90“ for four hours, 
w'hen the selenium is brought on a Gooch crucible w^ashe^ with 
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^ter, and alcohol, after which it is dried at iio“ and weighed. 
The tellurium filtrate is concentrated to 50 cc, and predpiiated by 
the Lenhcr-Hamberger methcxl. 

k J’' ^ “Paralion of selenium and tellurium by bydroxylamine 
h>drochloride m presence of hydrochloric add, tartaric or citric acid 
It « essential that the hydrochloride of hydraaine be used and not the 
sulphate, since the sulphate invariably gives low results. 

University Of Wisc&ksik, 

Madison, Wise. 


THE GRO^VTH OF FUNCTIONAL NEURONES AND ITS 
RELATION TO THE DEVELOPMENT OF BEHAVIOR. 


G. E COGHILL, 

April 

The purpose of this paper is to indicMe hriefly the trend of our 
investigations upon the grow^th of the nervous system as related to 
the dcvelopnietu of behavior in Ambiy^ioma, and to indicate the bear¬ 
ing of certain of our definite reaulu upon the problem oE develop- 
ment of behavior and learning. Some of the more general results 
and conclusions may be presented under five topics. 

[. The Eajilv Behavior PATTEs^i anp its .Anatomical 
Explanation. 

The form of the behavior pattern develops according to a regular 
sequence of newly-acquired movements until locomotion is attained. 

The earliest responses consist of a movement of the head to one 
side. As the embry'o grows older this movement involves more and 
more of the trunk until finally the entire tnmk bends into a tight 
cdl|+ During this linic the movements normally begin in the head 
region and progress tailivard. The embryo of this coil stage can 
bend the body in only one direction, eillwr the right or the left, at 
any particular moment. But it soon happens that a flexure ivhich 
b^ins in the head region and progresses tail ward is reversed in the 
head region before it has passed entirely through the trunk. A 
series of quick flexures in alternating directions, each passing rapidly 
tail ward, drives the animal forward, and locomotion is perfected. 
During the larger part of this period nearly all movements are away 
from the stimulated side—that is to say, they are of the nature of 
avoiding reactions. 

The order of sequence in the appearance of new movements is 
correlated with the development of specific structures in the nervous 
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niacor system. The appearance of inovement first in the anterior 
part oF the trunk is explained by the higher development of the 
motor in that region, and as the motor nerves increase their 

spread to the muscles farther taihvard the movements involve more 
of the truiih. The movements individually progress from the head 
tail ward because stitnuli from all fiarts of the animal enter the motor 
tract through commissural cells and these cells exist only in the 
anterior part of the spinal cord and in the lower part of the brain. 
The a^-oiding nature of the early response is explained by the ^acE 
that afferent neurones of the first and second order pass across the 
motor tract of the same side and have synapse with the commissural 
cells which convey the excitation to the motor tract of the opfjosite 
side. The appearance of rapidly reversed flexures to produce loco¬ 
motion is explained by the grow^th of collaterals from the motor tract 
cells into synapse w^ith commissural cells in such a way that a stimu¬ 
lus which passes to the muscles of one side reaches a tittle later the 
muscles of the opposite side. 

The mechanism of the avoiding reaction, being prerequisite to 
the first rcs[x>nses to tactile slimulation, can not he activated or de¬ 
termined in Sts origin by the res( 30 nses or their behavior value. For 
the same reason the collaterals from the motor tract which introduce 
the serial reversed flexures and locomotion also cannot be activated 
or directed in their gmw^ih by such general agencies as exercise or 
experience. There is no evidence that experience or exercise even 
hastens the appearance of the various types of reaction, while there is 
very positive evidence that these factors can have no causal relation 
to the form of the behavior pattern during this period. The spec¬ 
ificity of these nervous structures in terms of behavior is determined 
by laws of growth in wdiich beliaTior-values of the patterns of re¬ 
sponse have no part. 

2. Growth of Fltxctional Mcoroxes axd the IxTEcnm' 

OF THE ORGANtSW* 

In the developn^cnt of the structural counterpart of the behavior 
pattern, neurones that are active elements in the earlier mechanisms 
of cortrol extend their function by growth of their axones into new 
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parts, and in .so doing inaure the integ^ratbn of thti organism as a 
whole during development. 

This is illustrated in the case of the development of the limbs, 
the tongtiq and the eye musclesp the noii-fiinctional rudiments of 
which are invaded by nerve fillers that grow from cells that are at 
the satne time participating in the integration of the trunk. The 
relative independence of these organ systems can not, therefore, he 
primar>\ [t must lie secondarily attained by a process of individua¬ 
tion within a totally integrated system^ and the rfevelopinent of the 
behavior pattern must be effected, not by an integration of independ¬ 
ent reflexes, as is usually considered, but by a process of individua¬ 
tion witliin a total organisniic system which is from the beginning of 
reaction integrated as a whole. The basic principle, therefore, in 
the development of the nervous system o-f vertebrates^ appears to lie 
the maintenance of the integrity of the individiiat while independ¬ 
encies are growing up within it, and are, so to speak, struggling for 
ascendency among themselves and for dominance over the individuaL 

This fact, particularly should it be found to apply to mammals, 
must have importatit bearing on psychology and education. It is in 
harmony with the conception of ** mental configuration os outlined 
by Koflfka,* According to this psycliologicaJ interpretation the first 
or elementary “ phenomena in conseiousness are not pure sensa¬ 
tions or independents isolated units of reaction; they are "qualities 
upon a ground." This^ translated into anatomical and physiolc^cal 
terms, means chat^ as actually occurs in Amhlystoma^ behavior de¬ 
velops by individuation of elements within a primary unity', and not 
by integration of primarily independent elements into a total pattern, 

3. PftiXJlJESSIVE M^CirANIMATION OF ASSOCIATION 

The early growth of association neurones into the motor mecha¬ 
nism introduces unpredictable elements in behavior: but aa the growth 
of the association neurones into the motor meclianlsm advances there 
is progressive niechatiization of the association system into tlte motor 
type of organiscation and action. 

As the embryo approaches the swimming stage, or ];}asses it 
slightly, the ntoveinents are tnore irregular in direction with^refer- 

* Kurt Kuffta. "The Growth of the MSiid.*' TmnskttDn by Ogden (i^ii). 
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i^nce to tins side stimulated. However, if at this time the major part 
o£ the tniiik be cut away from the first three or four segments, the 
avoiding reaction of the head piece returns to its typical regularity. 
This is evidence that there is antagonism between exteroceptive and 
proprioceptive stimuli, and it is correlated with the growth of col¬ 
laterals from the axones of sensory cells of the second order into the 
motor tract of the same side. The original^ main divisions of these 
axones have synapse with commissural cells, by reason of which the 
earlier niovements are mostly away from the side touched. The 
sensory or association cells concerned in this response belong to the 
series from which Deiters^ nucleus develops* the mechanieed func¬ 
tion of which in the etjuilibration of the body is well known. 

This seems to be a clear case of progressive mechanization of an 
association system, the early growth of which introduces unpredict¬ 
able elements of behavior whereas maturation of the structure re¬ 
sults in stereotyped performance. This is essentially a ncuro-em- 
bryological statement of conditioning of reflexes, and habit formation. 

4. Ghowth and Leah NINO, 

There is considerable support for the hypothesis that neurones of 
the adult cerebral cortex grow while they function^ as do those of 
the lower part of the brain and spinal cord in the earlier period. If 
this hypothesis proves to be correct it would appear that stimuli that 
are simuhaneonSp or nearly so, must necessarily become associated in 
the cerebral cortex through synapses that are newly formed* while 
they must also become associated with past experience because those 
newly-formed s>Tiapses w^hich they traverse are outgrowths of the 
already functional s;>'stem, ivhich also has grown up according to the 
same principle. By this correlation of growth and function in the 
neurone, slmctiiral relations in the nervous system may he regarded 
as acquiring speciheity with reference to receptor-effector functions, 
and in this manner structural counterpans of experience may be 
established, that is to say, structural systems may he formed, the 
action of which at any lime would have the same significance to the 
organism as did the experietict which originally excited their action. 
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5, A Mbw ApraoACH to Neurological Frobeems, 

That nerve cells §row after they have acquired their definitive 
function and that such growth is a factor in the development of be¬ 
havior was proposed as early as iSgj by Tanzi ^ and in 1895 by S- 
R. Caja!+® Both of these investigators^ however, regarded such 
growth as activated by nervous function or exercise. But we Bnd 
no evidence that the growth of nerve cells in is stimu¬ 

lated by nervous functions. Indeed, there is very strong evidence 
against this hypothesis. \\^ithin the motor mechanism at least the 
behavior value of a new performance can have no catisaL relation to 
the growth of those structures wdiich make it pc^sihlej and forced 
exercise and stimulation do not perceptibly hasten the development 
of the beliavior pattern. Contrary to Tanzi and Cajah we believe 
that nerv"e cells groiv by their own intrinsic potentiality, and that 
nervous nwchanisms while growing acquire their specificity in be¬ 
havior through the |jfimary^ correlation of their growth processes 
with receptor and effector functions. According to this concept, 
the efficiency' of a nervous mechanism in the sphere of adaptation de¬ 
pends not only upon the perfection of its receptor, conductor^ and 
effector functions, but primarily upon its potentialities of growth, 
“ Plasticity ” becomes a function of growth. A normally growing 
nervous system may become perverted or asocial through experience^ 
whereas, in a favorable enviroimient^ abnormal psychoses may be 
caused by arrested growth. 

This conception of the relation of growth of neurones to the de¬ 
velopment of behavior is essentially different from that propKiscd by 
Cajal. It lends new interest to anatomy and embry^ology and opens 
a new' approach to problems of psychology^^ psychiatry and education.^ 
a Tanzi, sec Caj^l (footnate 3), It, p, 8S6 (1893). 

*S. Ramcin Cajal, '' Histulgpic du Systeme Nervetix,*’ Tome 2, pp. 8AJ-S90 
(1911). 

* For the author's contributions on this subject see Journal of Camparafiv4r 
Nruraiogy. Tp-ols. 33, 24, 26, 37, and 41 (in press), 
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MEDITERRANEAN GARIGUE AND MACCHIA. 


By JOHN W. HARSHBERGER 

As indicated in a number of papers by the writerp the comparative 
study of types of vegetation always proves profitable in the advance¬ 
ment of ecology and plant geography^ Our ecologic concepts can 
be clarified by such comparison. The Mediterranean plant associa¬ 
tions can be studied in connection with those of southern coastal 
California where somewhat similar climatic conditions exist. The 
writer has seen the chaparral of California in the fooihUls of the Si¬ 
erra Nevada mountains, on the hills around San Diego, and on the 
slopes of Mt. Tamalpais and in the course in forest botanyp ecology 
and plant geography which he has givnen at the University of Penn¬ 
sylvania, he has compared chaparral with garigue and macchia of the 
Mediterranean shores* So with this background of knowledge and 
with the comparative method in mind, he viaited the coaats of the 
Mediterranean during the snmtner of 1933* examined these two 
scrub associations p took photographs and made collections of the 
plants that were in evidence during the stimmer months. 

Garjcue and Macchla. 

Garigue is usually a somewhat open association of dwarf ever¬ 
green shrubs and trees mingling with the characteristic herbaceous 
plants that thrive during the summer under sorneivhat semi-aiid con¬ 
ditions. Sometimes the shrubs and low trees grow close together 
and the intervals of soil between the plants disappear. Again the 
plants under sterile conditions become more widely spaced with 
considerable blank areas of soil. Macehia, or tnaqni, is an associa' 
tion of somewhat similar physiognomic aspect to garigue, consisting 
of low evergreen shrubs and trees with associated species, but it 
usually occurs on siliceous^ or noncalcartous rockSp with ^il derived 
from |.henn The constituent species are crowded more, and there- 
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fore the a.5scx:iation is more nearly a closed one, Garigue and imcchia 
are in some respects related to heath vegetation. This is |>articti- 
larly true of those associations which occur in the Spanish districts 
of Old Castile and Leon which are sometimes confused with maechia. 
In the tomillares^ as one of these associations is called, exist Thymus 
(toniillo), L^%*andiila Stf>echuSf Suhiu and other Labtatae^ and the 
other, calk’d jarales, is cliaractetiaed by the dominance of Cistus 
Jadaiiifcms^ Chtus hurifoiiiis, and moiispclicnsis, covering 

thousands of square kilometers. Eastward m Southern Europe, we 
find a transition from macchia to the sibljak in the Balkans^ where the 
evergreen shrubs are gradually replaced by those w'iih deciduous leaves, 
such as PQiiurus £fH,f/r*jfWp PhUlyrira uugujriifoUa, Rhus Conaria, Sy- 
rtriga imlgans^ yiburumn Lautam and Zicyf^hus lotoidcs^ so tliat in 
summer n^cchia and sibljak have a somewhat similar physiognomy. 
So too we may compare the characteristic scrub association of Greecep 
tile phrygana, where spring plants and hushes are dominantp such as 
pQlmum spbwsum, Siachys spmosa, Perbascum spinomm^ and spe- 
cies of Asiragaitts* 

There seems to be some diversity of opinion among plant ecolo¬ 
gists as to the status of garigue and macchla.. One group of phyto- 
geographers believes that originally the coasts of southern Europe 
were forested down to the edge of the Mediterranean Sea in prehis¬ 
toric times and that with the encroachment of cities, towns and cul¬ 
tivated areas and the removal of ihe forests for domestic and com¬ 
mercial purposes the country was denuded of its timber. As a result 
of this action on the part of man the sterile soils which have been 
reclothed with the native plants oi the r^ion have not been covered 
with forest trees, but in the natural process of succession liave been 
tenanted by shrubs of evergreen character which prevail at the 
present time along these coasts. Other ph>l:ogcographers l>elieve 
that garigue and macchia are tlimatSc associations and have been 
present from prehistoric times. At the present day, however, such 
associations, confined originally to restricted areas determined by 
the stress of climatic and soil conditions, have spread gradually with 
the destmetiun and misuse of the primeval forests until they have 
covered e.xtensive areas which would grow up to forests again ^ the 
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conditions became favorable once more. The writer belin'cs that 
the second alternative is the one which explains best the facts as he 
has seen them in Southern France. 

Gariffue. 

Back of Montpellier in so'Uihern France are limestone hills where 
the rock has been weathered into fragments of variable size with 
a few outcrops in the form of ledges and hogbacks. These lime¬ 
stone areas are covered with garigue. The most accessible garigue 
to Alontpellier is at Castelnar. Here considerable areas of country 
are uncultivated, because they arc too rough, and so the natural 
vegetation is supreme. The botanist is impressed with the barreO’ 
ness of the soil, but yet the familiar fact appears that there are 
plants that will thrive under such conditions. The garigue at Castel- 
nar is a somewhat open association, although in places the shrubs 
come together to form a close ground cover. The dominant shrubs 
arranged alphabetically are: Cist us tnanspeltsnsis (Fig. j), Paliurus 
Oircrcifj coccifcra and Rttamtiiis aiatemus. The evergreen, 
holm oak, Qatmis iVcj, raises itself as a small tree above the dominant 
shrubs, but it is rather scattered, although it shows a lusty growth 
(Fig. 2). There is some evidence that it was more abundant and sub¬ 
dominant, but lias been cut down for fuel and other purposes in a 
region where the wood supply is scarce. I f this is the correct view as 
to the dominance of the holm oak, then in earlier times the countrj' 
back of ^[ontpellier was covered with holm oak forest with an under¬ 
growth comprising the present dominant species of the garigue. The 
undershrubs of the present garigue that grow one to six feet high 
are: Daphne Gmdium {26 feet) (Fig. 3), Helichrysum Stoeckas 
(i foot), Laz-andula spiea (1-2 feet), LpinVera implexa (3-6 feet), 
Osyris alba (3 feet), Tbytaus vulgaris (i fool). Two evergreen 
climbers are noteworthy constituents of the garigue, viz: Rubia pere- 
fjrina and Sinilax aspera (prickly) both evergreen and the shrubby 
vine. Clematis Ftammulo. The herbs collected by me comprise Bis- 
cutelia laevigata, the grass, Brachypodium raniasttm, Cepltalaria jop- 
pica and 5 'i’hib rrcctuHi. At the edge of the uncultivated garigue, 
the ^eppo pine, Finus Italepeiuis, occurs in tall specimens (Fig. 4). 
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Accompanied by Dr. Herman Knoche the writer was impressed as 
to the physiognomy of the Montpellier garigue, by the fact that 
nowhere m that assoctarion was Dr. Knoehe hid from sight by the 
shrubby ground cover (Fig, 3). In fact the shrubs and undershrubs 
reached only waist high. The low dwarf habit of the principal 
species was veiy noteworthy forming a continuous cover where the 
soil was less stony and more fertile, and thinning out Into a scattered 
growth where the soil became more rodcv, where hogbacks projected 
^d where on the steep hill slopes either through erosion, or the utter 
hardness and consequent barrenness of the soil, the constituent plants 
of the gangue were not offered conditions conducive to growth. 


The macchia investigated by the writer is located on the shores 
of the Mediterranean at the af^x of the Peninsula of Hyeres. or 
Giens (Pr^ne He de G.ens) along the bay U Tour Fondue within 
' sight of the Isle of Porquerolles (L'lle de Porquerolies) and the 
smaller island Grand Ribaud. The peninsula is T-shaped, connected 
by the stem of the T with the mainland (see map in text). The outer 
^rtion of the peninsula is hilly with red shale as the outcropping rock 
(non-^careous). The shale rock is covered with the macchia here 
m undisturbed possession of the hills and extending down to the edge 
of die cliffs fronting the Mediterranean Sea. The long arm of the 
peninsula IS characterised by a sandy dune-like stretch on one side 
^It marshes and saltings on the other. At the saltings, the salt water 

heaps 

fP.vL Ji! 

(PiwBJ /mieu), forest along the Riviera {see map) 

heatl tree 

(Fig eTZ ZTVJ'^' pI.oc»iceus) 

uche (Fistaca Umscus) and the holm oafc (Q«err«j ilex) which 

thTv'^ h" " the shearing action of the wind, and where isolated 
hey eccme round-topped, or low dome-shaped. Where tltelw 
ducket of constituent shrubs and undershrubs has its outer edge ex- 
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iwsed to wind action the shrubs slope in an upward direction from 
the ground, the dwarfest plants in front and the higher less wind- 
pruned ones behind. The whole scrub then appears as if skilfully 
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pruned by gardener^s shears. The associated undershmhs fill 
interspaces, or spread out on the more exposed hillslopes. Such 
undershr^s according to my collection comprise Cnlycotome spiuosa 
(Fig^8).C.j/.« tnovsp^heusiT. Cisfns sulviaefahus. Lo^iccra impleva 
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and ihe prickly, wsiody climber, Smihx aspera. All of these woody 
plants 3n places form an impenetrable thicket. The general impres¬ 
sion is that of a bummocky growth where the hummocks represent the 
rounded tops of the closely matted shrubbery (Fig. 7). The general 
color of the vegetation is a dark-gr(?en blending with brown and gray 
patches where the constituents vary in their distribution. Where 
Calycosomc spmosa fronts the macchia and is wind-sweptp it is of a 
decided gray color. Qtic^^cits coccif^t^a is a dark-green color turning 
to gray where its branches have been denuded of foliage by whnd ac¬ 
tion (Fig. S). Where the rock roses pre^'ail the areas dom¬ 

inated by them liave a broivnish-yelloiv color. Pistachia Lentiscus is 
a dark lustrous green. The maritime pine (Fijiuj pinaster) is pros- 
tiated by the wind into a lovr spreading shrub. The ei.erfesting 
(Heiichrysum Stocchas) is a shrubby growth aliout a foot highp 
woody at its base. ** Stoeclias fs taken froni the old Greek name for 
lies d llyeres, where this composite plant and Lavandula Stoedios 
grow. Jhe cranniesa of the cliff faces su|j^xtrt Statirc minuht irar 
piibeseens and Planiaffa subulata, w^hile in the rock pools at the base of 
the cliffs grows Pasidojim aceamca, which torn loose from its briny 
habitat is rolled into balls, or aegagropilae^ which W'ith its dried and 
bleached leaves are piled in windrows 5-6 feet thick in the quieter 
embayrnents of the shore line. 

MARIIrrME PtNE ilACCHIA AT HyERES. 

Jf a heath is low vegetation eompnsing mainly ericaceous under- 
shrubs on a raw humus, and by extension of the idea where oak trees 
forming a prominent constituent of the heath converts it into an oak 
heath and the dominance of pine trees into a pine heath, so it is 
legitimate to extend the garigue and macchia concepts in the same 
way. Where the curk ciak (Qifcrraj prevails we can call our 

macchia Cork Oak Macchia, where the maritime pine Finns 
pinaster prevails we have a Maritime Pjn£ Macchia. Tansley' 
emphasizes the fact tliat “while maritime pine js found chiefly on 
siliceous soil, ihe Aleppo pine {Pinus Halepensts) forms the char¬ 
acteristic woods of the limestone (Fig, 4), though it is not confined to 
these sods." At Hyeres the dry slate hills are covered with ma?a"time 
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pine iPinus pi,lister), which is tapped for ttirpendtie by using cW 
Clips to catch the resjnous flow f rom the trees. The cork oak (Quer- 
^ber) is an associate on the pine, and so is the sliawberr>' tree 
{Arbiitui uncdo), the juniper (J»,iipen,j: oxyccdnis) and the pis 

T"'"? "“-ber of tall shrubs 

T^hich form the undergrowth of these pine forests and when the pine 

tree thin out. they become dominant and completely cover the 
^ound. In the dry slate hills under the pines grow the shrubs- 
Calycoto,n. ,pi„osa (Fig. 5). Cfst«r sahiaefoHus, Eric, arbor^a 
A/y/n,, Fbf/fyrcn ongusUfoUa. P. ictifoUa, 

P . (Fig S), and the utidershmbs Hdichry^t^i Stoecbns. Uyanduh 
Maecfias, Lomcera imptexa and Siaihdi„a dubia. 

Co.y cLus to N. 

Our study of the Mediterranean garigue and macchia shows that 
we are dealing with natural ^>egetation units. The garigue at Mont- 

Z theta ^ ^recessional association, but exists as such 

tta rh better we find 

hat the holm oak (Quercus ilex) probably formed forests in prehi^ 

tone htnes and ^ch areas of garigue where the holm oak is dominant 

be termed Holu Oak Garigue (Fig. a). Similarly on the ex- 

promontory of the Peninsula of Glens, we find the low sh^b 

hicket dominant and here we have true macchia in the sense in which 

the Gtrof European phiiogcographers. More inland near 

' ® 'i"'* fui^st m which the undergrowth consists 

ni^y of the same species as occur on the exposed promontory of 
e Peninsula of Gtens. Here the maritime pine (Pinitr pij^gr) 

« Ofninam. A e can c^U such an association a Maritime Pike 
ilACCntA), and If, as suggested by the presence of the cork oak 
(0«cr™j r,,ier) m this forest, this tree becomes the dominant ^ 
^nd overshadows the shrubby and herbaceous constituents, we have 
ORK AK .lACCiiiA. Such a characterization of two of the most 
irnpomnt associations of the Mediterranean coast enables us to 
cl^ify associations which are closely related, and which natiirallv 
mterdigitate as we travel along the Riviera. It enables us to Jx 
a^-ations. gari^e and macchia, which have dominant tree spects 
y e addition of a qualifying deiscnptsve temi. Thus wc hav^^ 
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MEDITERRjtKEAN GARIGUE AND MACCHIA. 
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I'GaEIGIIE 

Garicug - Holm Oak Garioue; 

(On Limestone) [Alei-po Pine Gaeigu^ 


Trccl^s. 
.With trees. 


Magckia 

(On Noincalcareous 
rocks and soils) 


^Macchia Proper,,. 

Cork Oak Macchja 1 
.Maritime Pine MaccuiaJ 


.Tredess. 
With trees. 
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SOME PUZZLING PEPPER LEAVES. 

By william TRELEASE. 

(Rrtirf Aprii ip^6J) 

While making dciscriptive studies of a large mtnibcr gf herbarium 
specimens of Pf>cr, I liave stumbled onto ciccasional leaf-peculiari¬ 
ties that puzzle me. 

Pip^r Amahffo, of Jamaica, which had heen the subject of exam¬ 
ination and publication earlier by Brovme and Sloane, was given 
status as a binominally de»gnaled s|jecies in 1753 by Linnaeus. 

In 1798, Ruiz and Pavon described a Peruvian plant of somewhat 
the same aspect, which they named Pi par uiigukatatum because the 
leaves often seem to bear an extremely small lobe or auricle at either 
side of the blade where this joins the petiole. 

In the same publication, Ruiz and Pa von gave the name Piper 
callosum to another Penivian plant which has small disks—something 
like the glands of a cherry' leaf—at either side of the blade, close to 
the petiole. 

Piper utiguiciilalum may be taken as illustrative of these struc¬ 
tures not only because it first commemorated them in a name and em¬ 
bodied them in a specific description, hut because these facts have 
caused confusion between this Peruvian plant and several North 
American species that, though distinct. Iiave been identified with it 
because of a more or less observable “ nngufcitlatc " leaf-base. 

At first sight, the blade of the leaf often appears here to be pro¬ 
longed on each side into a small basal lobe, somewhat as in the Eng¬ 
lish oak (Qimrcifj peduHCiilata) or as is the case much more obviously 
in the large leaves of Magnolia Frasen: but this apiJCarance does not 
exactly re(jresent the fact. 

Though sometimes cordate, usually the leaves of this pepper are 
rounded or gradually narrowed at base, and in cither case the margin 
flows uniformly onto the upper side of the petiole. What appears 
to he a lobulation is merely the expression of a crescent-shaped fold- 
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ing-badc of a small part of the margin shortly above the base of the 
blade, in a way comparable with the notched tip of the pinnules in 
some species of Adiantum among the ferns. Sometimes the margin 
is more resolute on one side than it i$ on the other, so that the leaf- 
base appears unsymmetrical, and often it is lacking on one side or 
on both sides, especially in the most cordate leaves; but in general 
it seems to be a characteristic feature of the leaves. 

The leaves of the Antillean Pi}>er Ainatago conimonty are revo- 
Ititely imguiculato fn the same manner, as also are those of the related 
arextean Piper ierminalc and of sewral as yet unpublished species 
of the same country. So far as I have noticed, none of the earlier 
printed references to these specifically mention this small but rather 
striking feature of their leaves; hut it appears to haw been observed 
in a number of cases if one may judge from the fact that several of 
them have been mistaken for the Peruvian Pi>pr unguicutatum. The 
same feature appears on some leaves of tlie curious Jamaican mon¬ 
strosity of Piper Aiitalago that has been called Piper subpandiin- 
forme. 

The leaf-base, or apparent lobule, below the inmlled margin, lying 
against the top of the petiole, finally appears somewhat pouch-Hke in 
all of these cases, so that revolute margin and claw cover, without 
enclosing, a continuous chamber or tunnel partly on the lower side 
of the leaf-blade and partly on the upper side of the petiole where 
the blade abuts on the vanishing groove of the leaf-stalh. 

Small, at the beginning, when a leaf opens out from the bud, these 
structures sometimes progressively develop as the leaf grows, and 
even on the fully grown leaf the basal texture sometimes appears 
delicate and immature, though the revolule margin itself and the 
basal lobule may finally become callonscd. 

These species, Pi>cr jfiij^iHcrdctHm and Piper Amulago and its 
continental relatives, are of the palmately nerved group sometimes 
segregated as a subgenus or even as a genus under the name Eaekea. 

On the other hand, Pi>er callosum of Pern and Pj>er urophyllutn 
of Costa Rica are of the pinnately nerved group that has been treated 
comparably under the sectional or generic name Arianthe or Stef- 
fetisia. In the first of these species, there does not appear the cres- 
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centic inralling of the margin which causes the unguiculate appear¬ 
ance of the Enckeas; so that the darkening callus-like areas near the 
base of the blade just where it joins the petiole, lie over the latter 
rather closely resembling the largest lobuies of the Amaiago scries. 

Though they appear not to have been mentioned in print, equiva¬ 
lent calluses occur on the leaws of the Costa Rican Piper ur^phyl- 
hm, though they are more elongated and laterally displaced here, but 
otherwise of the callosum type. 

My purpose in drawing attention to these peculiarities of the 
leaves of a few peppers is not merely to show that in a sense they 
are characters u^We in the diflFerentiation of species, but to suggest 
to natiirahsts Jiving in the tropics the question as to what they are 
and why they exist. This question as f put it is not entirely one of 
morphology or of reaction, but of Darwinian teleology as well. The 
Structures occur too frequently to be quite accidental. They fall into 
that great category the teleological analysis of which furnished Mr. 
Darwin with most convincing arguments for the Idea of correlation, 
or adaptation in his meaning of the word. 

Tf they are gall-structures thei* can be only mvw^ecidia or fun- 
gus-^IJs. or acaro-oeddia or mite-galls; but if so it is significant that 
m Ftper uagmculatum, at least, they occur on greenhouse spedmeos 
ong cu tinted in European and N'orth American greenhouses. If 
hey are Homatia in the rather ample sense in which Lundstrom used 
the word, they can hardly be other than acaro-domatia or mite-domi¬ 
ciles, m the general use of that term. Tf. as is not evident nor ap- 
pai^ntly probable yet, they secrete nectar from the enclosed lower 
leaf-^rface. the>- would fall into Belt's group of extra-floral nectaries 
and Dclpino s subdivision extranuptial nectaries- 

Piit tersely, the question might be: What arc tliese Pf>cr lobules 
or calluses; what induces their development; what fancthn do they 
perform; what is their ecokgic significancer The puzile then re- 
mains : How nAVE thev opme to exist? 

IlUKOIS, 

iCardi 3 , 
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centic mrolltng of the margin which causes the unguiculate appear* 
ance of the Hnckeas j so that-the darkening callus*! ike areas near the 
base of the blade just where it Joins the petiole. lie over the latter 
rather closely resembling the largest lobules of the Antoloffo series. 

Though they appear not to have been mentioned in print, equiva¬ 
lent calluses occur on the leaves of the Costa Rican Pif>er vrophyl- 
litm, though they are more elongated and laterally displaced here, but 
otherwise of the colhsum type. 

hly purpose in drawing attention to these peculiarities of the 
leaves of a few peppers is not merely to show that in a sense they 
are characters usable in the differentiation of species, but to suggest 
to naturalists living in the tropics the question as to what they are 
and why they exist. This question as I put it is not entirely one of 
morphology or of reaction, but of Darwinian teleolc^y as well. The 
structures occur too frequently to be quite accidental. They fall into 
that great category the teleological analysis of which furnished Mr. 
Darwin with most convincing arguments for the idea of correlation, 
or adaptation in his meaning of the W'Ord, 

If they are gall-structures they can be only myco-cecidia or fun- 
ps-galls, or acaro-cecidia or mite-galls; but if so it is significant tint 
in Piper uvgukulatiwt, at least, they occur on green house specimens 
long cultiT,>ated in European and North American greenhouses. If 
they are domatia in the rather ample sense in which Lundstrom used 
the word, they can hardly he other than acaro-domatia or mite-domi* 
ciles, in the general use of that term. If, as is not eridetit nor ap¬ 
parently probable yet, they secrete nectar from the enclosed lower 
leaf-^rface. they would fall into Belt's group of extra-floral nectaries 
and Delpmo's subdivision e.xtr3nuptial nectaries. 

Put tersely, the question might be: ^Vhat are these Piper lobules 
or calluses: what induces their development; wliat function do they 
perform; what is their ecologic significance t The puaale then re- 
niajrts: How have thev come to exist? 

UftflASA, Ilu,vois, 

March 3 , 19^. 
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THE LAST FIFTEEN YEARS OF PHYSICS.* 

By R. a, ASIIXIKAS'. 

{Read April 5J, JQ 26 .} 


With full recognition of the tendency of each Keneration to 
consider itself important and its contributions to progress unic|uet I 
feel altogether confident that the historian of the future will estimate 
the past thirty years as the most e!tlraordinar>- in the history of the 
world up to the present in the number and the fundamental character 
of the discoveries in physics to which it has gi^^en birth, and in the 
changes brought about by these discoveries in man’s conception as 
to the nature of the physical world in which he IKes. 

There has been no period at all comparable with It unless it be 
the period about 300 years ago, which saw the development of 
Galilean and Newtonian mechanics. This was indeed ofincalculable 
importance for the destinies of the race. The conceptions then 
introduced arc not only the basis of modern material civilization, 
but they were the cause of a very complete change in man’s whole 
intellectual and spiritual outlook—in his philosophy, his religion, 
and his morals. But the discoveries in physics of the past thirty 
years justify the expectation, at least, of as great if not greater 

con^uences-^x>nsequences. too, which are already beginning to be 
realiz^. 

To appreciate how stupendous a change these discoveries have 
already wrought in human thought, it is only necessary to reflect 
that of the six basic principles which at the end of the’nineteenth 
century acted as the police officers to keep the physical world 
running in orderly fashion, namely: 

<0 The principle of the conservation of the chemical elements * 

(2) The principle of the conservation of mass, 

(3) The principle of the conservation of energy, 


“ This paper wa* prtpai^ both for the Frida v t ^ 

.^pril mi^eting of the American Philosophical Swfcty a„d lor the 
Encj1:la|Hcdia Britannica. edition of 
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{4) Th& principtecsf the conservation of inomentum, 

(5) The principle underlying Maxwell’s ele[::trfxlynamic5, 

(6) The principle of entropy or the second law of thermodynamics^ 

there is not one the unkrer^l ^^alidity of which has not been re* 
cently questioned by serious and competent physicists, while most 
of them have been definitely proved to be subject to exceptions. 

The principle of the conserv^ation of the chemical elements went 
with the discovery of radioactivity. The principle of the con- 
serv'ation of mass vanished with the experimental discovery of the 
increase in the mass of the electron with speed as the velocity of 
light IS approached. The principle of the conservation of energy 
suffered a change in aspect when both experimental and theoret¬ 
ical evidence came forward that energ>' and mass are interconvert¬ 
ible terms related by the Einstein equation MC^ = Ei since in 
that disco ^'eA' the ideas of energy' and of masa became completely 
scrambled. The principle of the conserv'ation of momentum is 
denied unw^fsalily hy the quantum theory''* The Maxwell equations 
are violated in atomic mechanics. The principle of entropy was 
admitted to have exceptions as soon as entropy was interpreted 
in terms of "probability," 

Further, the speed with w'hich new discoveries and new^ points of 
view^ are coming into modern physics shows as yet no abatement. 
Fifteen years ago it was thought that the revolution had pretty well 
spent its force, that the main group of new ideas had already been 
introduced. But a listing of the most outstanding discoveries of the 
past thirty years shows that the great majority of them belong 
e,xclusively to the period here in review'—^namelyt the last fifteen 
years—and all of them belong at least in part to this period. The 
immensity of the progress made wnthm it w'ill be best appreciated 
through a rapid review of this W'hole list and brief comments upon 
th? origin and the particular significance of each discovery', 

K The DtiC 4 S^ery of the Eieetton^- — This was a very gradual 
process covering about 150 years and participated in by many 
workers Franklin, Faraday, Weber^ Helmholtz, Stoney, Lorentz, 
Zeeman, J* J, Thomson, Lenard, Townsend. Wilson and others^ 

^ "‘The Electnan," Univ* of Chttago Press, Chaptt ra I,-lll„ jgzj- * 
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but the actual ii»laticin and the exact measurement of the electron 
occupied the first seven years of the period in review,* 1910-25. 

2, Tke Disctmery ojX-rays .—This falls clearly outside the present 
fifteen-year period, but practically the whole of the quantitatwe 
■working out of the properties of X-rays and the great discovery tn 
igt2 of thidr wave nature * lies wholly within h. 

3, Tkt Dtsteoery oj Quantum Afechanics.—This began at about 
the year 1900 with the work of Planck, but the last fifteen years 
have contributed enormously to it, as will appear as the enumeration 
of discoveries proceeds. 

4, Tke Disfovery of Ike Principe of JJefij/m/y.—Though the 
special principle dates from about 1905 and therefore lies within the 
first half of the last thirty-year period, the formulation by Einstein 
of the general principle belongs wholly to the period in revleiv. Its 
birthday was in igiSr ^nd its most precise and significant experi¬ 
mental verification through the measurement of the bending of 
starlight in going past the rim of the sun, the discovery of the 
enormous spectral shift of lines coming from the campanion of 
Sirius,* and the beautifully consistent measurements of the displace¬ 
ments of solar spectral lines,* has all been the work of the past few 
years. It is too early to estimate the significance of D. C. Miller's 
very recent obser\'ations on ether drift. 

5* The Discopery of Sadioactinity^ —^This belongs indeed wholly 
to the first half of the thirty-year period, but the definite proof that 
lead is a product of the radioactive disintegration of both uranium 
and thorium, and the application of this fact to the fixing of the 
minimum age of certain uraninites from the Black Hills in Dakota 
^ t,677.000 years,* to take but a single concrete case, is very new 
and marks an important advance in the process of elaborating a very 
much more definite geologic time scale than has heretofore been 
available^ 


6. The Discovery of tke Nuclear Atom through the experiments on 

0-ray scattering begun about 1913 and carried on for ten years, 

* Millikan, FM, Mag., July, 1917. See abci "The Electron." 

w ^ SiU. Berdermnehen Akad.. mri, al« 

Jatirbuch fur EbulioaktJvitat u Ekktronilr, ||,^ 308, 1914. 

‘falter .A. AcUims, Mt. Wilson Observatory Contributions, 1915. 

^ Wilson Obaer^-atory Contributions, igaj. 

C. DaviSf Amci, /r. ScUmtf 
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mostly at Manchester and at Cambridge^ England^ falls wholly 
wiihm the last fifteen-year period and has been epoch-making in its 
consequences, 

7. Th€ Discovery q/ Crystal Siruciures through the aid of X-ray 
spectroscopy ® dates from only 1913. It has completely revolu¬ 
tionized crj'staliography and opened up a new world of definite 
knowledge about molecular and atomic arrangements in solids. 

Th€ Disctmery &f Atomic Numbers (1913-1924) the definite 
fixing of the total number qf possible elements between hydrogen 
and uranium as 92,^ both being included, Is perhaps the most 
beautiful and the moat simplifying discoverj^ ever made. Nature 
never came so near surrendering herself to her lo%'er without resei%'e 
and revealing herself in beautiful and simple grandeur as when 
Moseley found that all the elements fitted into a single arithmetical 
progression—a progression, too^ which could mean nothing except 
that the positive charge on the nucleus of each atom moved up by 
unit steps from i to 92 in going from hydrogen to uranium—a 
progression which at once robbed atomic weights of their long- 
usurped right to act as arbiters of the chemical destinies of atoms, 
and restored this place to its legitimate possessor, the electrical 
chaise of the nucleus. Some day a poet will arise who will make an 
epic for the ages out of young Moseley's discovery* The X-ray 
spectroscopists and those w'ho have recently extended the X-ray 
laws into the field of optics/^ have contributed to the establishment 
of the complete generalit>^ of the Moseley progression, but they have 
but finished the structure which he designed- 

9. The Discovery that the Energy CornmunicaM to Electrons by 
Ether ITauffs is Proportional ip the Frequency of the Absorbed Waves ,— 
This was vaguely suggested by Planck in 1900^ more specifically by 
Einstein m 1905, but the experimental proof of its correctness is 
perhaps the most momentous achievement of modern physics, and 

^ Ruthed'erd, Geiger, Marsden and Chadi^Ttk, Fkii. Jiaje., 31 ^ 6 ^ 9 . 1911; 25. 

604, 1913; 40, 734, 1930; 43, 933* 1933. 

* Bragg, and Ci^’stal Structure/^ Bell, London, 1916. See aiso 

Fwatdr Kri^lk u. Ronigiensrrahten, Springer, Berlin, 1933. 

■ Mwlcy, Phil. Mag.^ 36, 1034, 1913; 37, 1914, 703. 

^"^Siegbahn, -' SpcktrtK&kopiC der Rontgenstr^hkn," Springer^ Bciiin, 1933. 

MiilikBn and Bowen, Physical Remexa, [933, ^ 
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it has all come about since 1912. The achievement is momentous 
not merely because the equation ] 4 inv^ = h.~P ranks with the 
equations of Maxwell in its consequences, but because the relation 
itself is new, undreamed of in 1895, and altogether rex-olutionary, 
demanding a return to some elements of the corpuscular theor>' of 
ether waves. It was proved first verv' exactly in photoelectric 
experiments with light wa\*es,« then during and after the war with 
X-rays.” and then with 7-rays. Most of the preceding discoveries 
were wonderful additions to knowledge, explorations in heretofore 
unknown fields but not subversive of established conceptions. This 
one. however, wrought havoc with existing theories and demanded 
a new formulation of ideas about the relations of ether physics and 
matter physics. Its significance for the future can scarcely be 
overstated. 

JO, Tkt Discovery of tkf M&ming of Spectral iBohr in 
setting up his theory of atomic structure merely generalized the 
preceding relation. With unusual insight into the method of 
constructive science, he incorporated all the past and merely 
superposed npon celestial mechanics the assumption, almost jne\'i- 
table (if Einstein's equatbn is correct) that when an ether wave is 
emitted, as well as when it is being absorbed, the foregoing relation 
between energy and frequency still holds, i,e., that the emitted wavt 
fluency is given by E, - E, = k,. the E, and £, being the 
electronic energj- before and after emission. Combining this with 
the expcnmenially established Ritz^Balmer equation, he brought 



out sharply the unitary' or atomic character of angular 



“ *^Thc Electron,*' Chapter iq. 


Bohr, PhiL _ 


►. -r, 476 , 857, 19,3. See also -Tlic Electron," 
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11. The Disciwery of Isotopes ,—This discovery did not b«giii to 
be nmdo until 1913, when chemists and physicists approached it 
from two different angles- first, ilie chemistiy of the radioactive 
elements^ and, second, positive ray analysis.i® It was completeid 
only after ten years of work by physicists in analysing by positive 
ray methods forty-six of the first fifty-five elements of the periodic 
table. Its Significance lies iti the four following facts; firsts that it 
has resurrected completely the discredited and amazingly simple 
Prout hypothesis that the masses of all atoms arc exact multiples of 
the mass of a primordial atom: secondp that it has enabled iis to 
count with certainty the exact number of pcssitive and negative 
electrons inside ever^^ nucleus—positives being equal in number to 
the atomic weighnegatives to the atomic weight minus the atomic 
number; thirdp that the failure of hydrogen to fit exactly into the 
above scheme constitutes excellent evidence for the Einstein con¬ 
clusion as to the interconvertibility of mass and energ\^: and fourth, 
that the difference in stability (decay-time) of radioactive isotopes 
siJggests new possibilities in the reading of the structure of the 
nucleuSp Le., it gives ue new eyes for peering inside the tiniest 
organism yet found—the nucleus of the atom. 

12. The Discovery of*'tke Excited —The purely theoretical 

reflections in 1921 of two mere youths in Denmarkp Klein and 
Rosselandp resulting in the proof that if atoms can be thrown by 
impact, as experiment shows that they can, into a quantum state of 
higher energy^ than the normal ^appropriately called an excited 
state then unless the second law of thermodynamics is to be 
violatedp there must be a heretofore unrecognized mechanism by 
which an excited atom can return to its normal state without 
radiating at all, but rather by throwing back all the potential energv 
of its excited condition through a so-called “collision of the second 
kind into an electron or an atom projected from the collision with 
a kinetic energy' that may be 100 times the average energy of 
molecular agitation. This is a very recent discover^^ of the first 
magnitude and of possibly immeasurable significance. It has 
already made it possible through the work of the experimental 

Aston/a Isoio-peSp London^ 
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physicist** to see a collision-mechanisni by which a negligible 
number of mercury atoms can absorb ether-wave radiations and 
transfer that energy to the act of exciting thallium atoms to radiate 
their characteristic frequencies. It for the first time reveals a 
definite mechanism, sought in vain by the best thinkers of the nine¬ 
teenth century, by which the energy of either tvaves may be ab¬ 
sorbed by matter and transformed into heat. It takes in one case, 
at least, the mystery out of the words *' catalytic agent.” It suggests 
why very- minute quantities of vitamines, etc., may be the inter- 
medlanes through which very vital processes arc brought about. 
It makes the future bright with promise for the better understanding 
of explosive processes. Indeed, the properties of excited atoms may 

be the foundations of a new era in both industrial and biological 

science. 


13. The Discovery of the Artificial DisiniegrabUUy of Atoms.— 
This was glimpsed about 1912 through the appearance of hvdrogen 
lines where hydrogen unless artificially produced from other elements 
should not have been present, and new claims of spectroscopic 
evidence of a similar sort are now being advanced, but the un¬ 
ambiguous proof is contained in Rutherford's *^direct experiments 
showing that hydrogen atoms can be knocked out of other atoms by 
alpha ray bombardment. The method shares with that which will 
introduce nev,- resolution into the study of the masses of isotones 

the promise for the future reading of the conditions of the electrons 
Within th^ nucleus, 

14. The Discovery of RelolmLy Tnside the Atom.—h was as late 
as 1915 before Sommerfeld ** began his wonderful work on the inter- 
pretation of the fine structure of spectral Jines^work which began 
for the fimt time to reveal the correct principles underlying quantiza¬ 
tion. fina ly so penetratingly formulated by Epstein. Seldom in the 

history-ofphysics havepurelytheoretical formulae had such amazing 

succ^ m the field of precise prediction as have Sommerfeld's 
relativity-doublet formulae and Epstein's extension of the same 

«Scc Lorta, Phyi, Ra,, Hav, 1913, ^ ^ 

Rutherford and pupn!*, Pkit. Uat., 19^0-192. 

■■Somnwffetd -.^lombaft u, Spoarallinien " VW«,,. <5^1. t* 

1924. t. i««ra.ai«en. v.weg u. Sohn Bmunsehweig, 
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sort of orbit considerations to the prediction of the number and 
character of the multIpLicity of lines found in the Stark effect* 
The whole interpretation of spectroscopic fine structure through 
changes in s<>-callcd azimnthal and inner quantum numbers is one 
of the great achievements of ali time r^ulting from the interplay 
between penetrating theoretical analyses and skillful and refined 
experimental technique. 

15, The Discovery of New Experimonfat Techniques for Seeing 
Invisible Ether IFotcj.—S uch long-wave technique has completely 
bridged within the past two years the gap between artificial electro¬ 
magnetic waves and heat waves^ and in the short-wave region hot- 
spark vacuum spectrometry and beta ray methods of anai^i^sis 
have practically filled in completely the gap between the optical 
and the X-ray fields, while far above even the gamma rays of 
radium a new^ group of rays of well-nigh infinitely high frequency has 
been found. (See below^) This continuous passage of frequencies 
from a thousand billion billion per second^ over into the zero 
frequency, i.e., over into static electrical fieldst all these waves 
possessing identical characteristics as to speed of propagation, as to 
polarization! and as to relations of electric and magnetic vectors* 
demands one and the same sort of transmitting mechanism or 
medium to take care of them all, by whatever name it may be called, 
w'hether a "w'orld-ethcr” or ''space,” this last term meaning no 
longer emptiness, but emptiness endow^ed with definite properties, 
if such hybemism suits one's taste. 

l 5. The Discovery of New Pr&perlies in Conduefum Electrons.— 
The direct measurement ** of the mass of conduction electrons, the 
discovery of a general increase in conductivity with the application 
of enormous pressures,®* of 5 Uperconductivities,®*aRd the veiy recent 
proof that, when intense electric fields pull conduction electrons out 
of metals, the eiierg>^ of thermal agitation assists not at all at 
ordinary temperatures, but does assist at very^ high temperatures, 
Nichoband Tear^ Phys^ 1^15, 

*«Miililcan, Asm. Pky. Jr, for 1920. and Millikan and Bowen, Phys. 

1923 and I9Z5. 

^ Tolman, IL C., Pkys. Rar., 1920-193^, 

® Bridgman, jPAyj. Ere,, 1935. 

** Kamiuerlingh Onnes, Contribution^ from I he Univ, of Leiden, 1910-^25, 

"Milllkaii and EjTing, Fhys. Rep., Jan. 1926. 
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all these recent discoveries^ especially the last, begin to dear up the 
contradictions in the electron theory of metallic conduction^ and to 
enable the quantum theory' of specific heats to be applied in a new 
and illuminating way to the condition of ihe electrons in metals. 
The new results are full of promise for the better understanding in 
the near future of the moot subject of metallic conduction. 

17. Th€ Disc&very of Quantum Jumps Inside the Nucleus .—The 
very' recent proof ^ that gamma radiations obey the same quantum 
jump laws obeyed by X-rays and light rays and the still more recent 
proof that the initial act in a ladioactive change is the ejection of an 
alpha or beta ray^—possibly by %nrtuc of the actual loss of mass of 
the nucleus through electronic settling and the transformation of this 
mass into the energy of the ray, following the Einstein relation 
governing the interconvertibility of mass and energy=’—^this is a 
discovery' of importance for the future understanding of one of the 
most fundamental processes in nature, the growth and transmuta¬ 
tion of the elements. 

18. The Discovery that Ihe Law of ike Conservaiion of Momentum 
is Applicable to the Encounter behveen a Light Quant and a Free 
Electron .—This very' recent and very ama^^tng discovery' ^ seems to 
put the final nail into the Einstein conception o! radiant energy 
travelling through space in the form of vibratory' light darts of some 
sort, but at the same time it emphasises the apparent impossibility 
of the physicist finding in his present stage of development any one 
consistent and universally applicable scheme of interpretation. It 
15 a discovery' of the very first magnitude, one of w^hose chief values 
may be to keep the physicist modest and undog mat sc, still willing, 
unlike some scientists and many philosophers, not to take himself 
too seriously and to recognize that he does not yet know much 
about ultimate realities. 

19. 7 'he Discovery of the Summation of Two or More Quantum 

Jumps into a Single Monockromutic Ether The very recent 

proof brought forth first by the properties of band spectra-^ and 
second by the discovery of two electron jumps through study of pp 

« EIJii and Kutherford, See., 1925 and 192&; .Meitner, leii f Pkys 

1925^ 

H. Compton, Phys^ Rev., 19J4 and 1925, 

Sommerfcld, "Aiomban u, SpectraUinien, Chapter 9.^^ 
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groups in line sp^tra,*^ that an atom can micgrate the combined 
energy of two distinct and simultaneous quantum jumps into a 
single emitted monochromatic wave Is of Fundamental importance* 
because of the new light which It throws upon the nature of the act 
in which a ray of light is bom and projected on its way through 
space. The discovery of two electron jumps uniting into a single 
monochromatic ether wave seems to preclude the possibility that 
there is any vibrating mechanism in the atom executing vibrations 
synchronously with the period of the emitted monochromatic wave. 
That the atom has this power of transforming, in some as yet 
mysterious ivay, the energy of every atomic shudder in to a momo- 
chromatic ether w'ave is amazing. Whether wt shall ever be able 
to visualize the process more definitely than we can now no one 
knoivs. 

20- Th^ DtS€Overy of ihe Failure of fhe Ejcplanaiioji of ail 

Relativiiy-donibUtS : — The impasse pointed out within a year ^ be* 
tween the heretofore recognized causes of doublets in optics and in 
X-rays, an impasse which necessitated the finding of a neiv cause 
which would yield exactly the same formula as the relativity* cause— 
a renlly terrible necessity in of the extraordinary^ quantitative 
success of the purely theoretical formula following from the mere 
postulation of the change of the mass of ihe electron with speed— 
this impasse has apparently just been resolved within two months 
by two young Dutchmen, Uleabeck and Goudsniid^ who find, 
"mirabile dictu,^' that the assumption that every' electron in the 
universe spins with one unit of angular momentuni either right* 
handedly or left-handedly yields a formula of exactly the same form 
as does the relati\dty' cause. This assumption not only saves the 
relativity explanation but, combined with it^ it furnishes a much 
better correlation of all present spectroscopic facts than we have 
heretofore had. It represents probably a fundamental advance in 
our understanding of the nature of the most nearly ultimate thing 
with which physics deals, namely, the electron . The physics of the 
future bids fair to hear much of the spinning electron, 

■ Ruiisel and Saunders, Astrxt. Phys, of 1915: Weut;K|, Zmf. f, Pkys,, 1525: 
Bowen and Millikan, Pkys. Rev., 1925, 

" Millikan and Bflwen, Fhil. 1925 , 
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31 . The Discovery of Cosmic iSayi*.—That something very 
fundamental is going on all through space, that nuclear transforma¬ 
tions each of enormous energy value corresponding to the fall of an 
electron through as much as 30,000,000 volts, are actually taking 
place in all directions about us in the outer stretch^ of the universe 
and that the signals of these cosmic changes can be detected here has 
just been proved. 1 1 is a discover>' most stimuLating to the imagina¬ 
tion, Call it the musk of the spheres if you wish! Anyway man 
can hear it now and may some time know more about it. 

Of these twenty-one fundamental discoveries at least sixteen 
fall wholly within the past fifteen-year period, and all of them have 
iwlonged in no small d^ree to it. Physks as yet seems to show no 
signs of approaching senility, WTiat the future has in store, no man 
knows, but at present there seems to be well-nigh limitless possibili¬ 
ties ahead for applications even If the pace of discovery should some 
time slacken. 


■ "Hish Frequency CosMit PAyt. Rn,.. May. June and Sept. 1916. 


SAMUEL PIER PONT LANGLEY AND MODERN 
AVIATION. 


Bv CHARLES D WALCOTT 

One of the most interesting peni:>ds in the development of modem 
aviation,—the pioneering period,—was dominated by my predecessor 
in office. Professor Samuel Pierpont Langley, Although he made 
more concrete contributions to the science of flying, perhaps the most 
important result of his work was tl^ raising of the whole subject from 
the realm of ridicule and placing it on a solid foundation of facts and 
definite laws derived from years of scientific study. This change is 
clearly summarized in a letter from the distinguished engineer. Octave 
Qianute, written in 1896: 

It is significaiit, hawev^r, that prior to the publication of Doctor Lan^tcy's 
work, it was the rare ejsception to find engineerf^ and scientists af recognized 
ability who would ful[y admit the poi^btiify of man being able to solve the 
twenty-century old problem of aviadon. , . . Since the pubticatiou of "" Ex- 
pcnmcTits ill AerodyTiamics,"' how'ever, it is the exception to find an intelligent 
engineer who disputes the ^probability of the eveutuaj solytion of the problem 
of man'^digbt. Such has been the change In fi%^e years. Incredulity has given 
way, interest has been aroused in tlie scteutific (tuestion, a sound basis has 
been furnished for experiment, and practical results are being evolved by 
many workers. 

mtcrtst in flights began in h[$ boyhood days, when his 
wonder w’as aroused by the my-sterious power of hawks and buzzards 
to sustain themselves in the air and move about at will ivithout ap¬ 
parent motion of the wings. His interest remained dormant, how¬ 
ever, until 1886, when he listened to a scientific paper which caused 
hini to CDticItide that the theories of the flight of birds were i>ot based 
on sound facts, and he then determined to undertake a scientific 
attack on the problem of what mechanical power would be required 
to support and move through the air a given weight. This research 
he pursued at Allegheny Observatory and at the Smithsonian Insti¬ 
tution for three years, studying particularly the important an4 dis- 
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puted matters ai the resistances and reactions of the air on plane 
surfaces. In the published results of this work, entitled “ Experi¬ 
ments in Aerodyi^ics " (i8{)t). which attracted immediate atten¬ 
tion among physicists in America and in Europe, Langley announced 
that it w'as possible to construct machines which would give such a 
velocity to inclined surfaces that bodies indefinitely heavier tlian the 
air could be sustained upon it and moved through it with great 
yelocitv-. In concrete terms, he declared tfat a plane surface v/ A 
mg a htlle over 300 pounds could be propelled in sustained horizontal 

ig t at a s|)eed of about 45 miles an hour by a force of one horse- 
IJovver. 

In 1893, Langley's second large work in this field was publislied 
under the title, " Internal Work of the Wind." He showed that the 
irre^ amies of the wind were much more pronounced than had 
previously been supposed, and tliat they offered an agency of great 
possible mechanical importance. He suggested that these irreguJari- 
ties or pulsations m the wind might largely account for the soaring 
ability of certain birds. This volume also attracted wide attention 
irom physicists in this cottntrv and abroad 

As the result of these extended experimental and theoretical stud¬ 
ies on the basic problems underlying imchanical Right, Langley was 
imily convinced that Iron, a scientific viewpoint there was nothing 
prevent such fi jht. To test his belief, be began at once to build 
model flymg-machmes, at first small affairs of various designs 
powered by nibber-bands, and later steam-driven “ aerodromes ” of 
considemblc size. Several attempted flights and failures, each teach- 
mg us le^n and contributing materially to progress, bring us to 
May 6. ,896. w-hen aerodrome No, 5 was mounted on its launching 
device on top of a house boat moored on the Potomac River Til 
michme weighing 36 pounds and with 74 square feet of supporting 
surface, imd been minutely inspected by Langley and his monies 
and everything was m readiness for another test. It was a thrillinJ 

them Alexander Graluim Pell, The signal ,sas giren Th. r,.! 
plane shot from the launching ways, rose directly in the face o( 
and soared m graceful flight slightly over 3,000 feet, when. 
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fuel exhausted, it settled gently into the water and was ininiediateLy 
ready for anotiier flight. ITie second flighty w^hich followed directly^ 
was equally successful, and for the first time in the history' of the 
world, a heavter-than-air rnachine tad moved through the air under 
its ovm power in sustained flight, guided by its ow'n controls. 

Shortly after these successful tests, I^ngley wrote in 1S96: 

r have brought to a clojpc the portion of the work whieli seemed to be 
specially mine—the demonstration ol the practicability of mechanical flight— 
and for the next stage, which is the commercial and practical dc^'elopmeot of 
the idea, it is probable that the wortd may look to others. The world, indeed, 
will be supine if tt does not realize that a new possibility has come to it, and 
that the great universal highway overhead is now soon to be opened. 

However, in 189S* influenced in part by a natural eagerness to 
see a man-carry'ing plane in flighty and by a patriotic desire to be of 
service to hts Government, and assisted financially by the War De¬ 
partment, Langley began the construction of a full-size machine to 
carry a pilot. Innumerable diflicuJties wrere encountered, chief among 
them being the impossibilit}^ of getting a siifficiendy [powerful engine 
which was not far too heavy. It was finally found necessary to con¬ 
struct one at the Smithsonian, and this W'as successfully accompHshed 
by Mr, Charles M. Manly, the engineer w'ho assisted Mr. Langley. 
The machine was completed in 1903. hut on the two occasions on 
which trials were attempted^ it failed to get into the air. These fail¬ 
ures, however, w^ere not due to defects in the machine itself.^ 

^ The machiite is now on exhibition in the U. $. MxiMtim, at 

WashiEiifton, bearing the following label: 

'■‘LAXGLEV AERODROME 


-THE ORIGINAL LANGLEY FLYING XL^CHINE OF igoj^ 
RESTORF.D 


'"IN THE OPINION OF M.ANY COMPETENT TO JUDGE, THIS 
WAS THE FIRST HEAVIER-THAK^AIR CRAFT IN THE HISTORY 
OF THE WDRIJ> CAPABLE OF SUSTAINED FREE FLIGHT UNDER 
ITS OWN POWER, CARRYING A MAN. 

^THIS AIRCRAFT SLIGHTLY ANTEDATED THE MACHINE 
DESIGNED AND BUILT BY WILBUR AND ORVILLE WRIGHT. 
WHICH, ON DECEMBER 17, t9cy, W.AS THE FIRST IN THE HIS^ 
TORY OF THE WORLD TO ACCOMPLISH SUSTAINED FREE 
FLIGHT UNDER ITS OWN POWER, CARRYING A MAN. 
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fajhtig health he did tiot undertake further trial, and died 
nian^driven flying machine in the air at 
t^gh he had realised the dream of a lifetime when his machine of 
1896 flew so successfully under its own controls. ^ 

«tabUshed his own facts 
u«d hi. own Jaws from them, and applied these faas and laws 
successfully m the actuaJ flight of large model flying machines The 
ious advance m aviation in the last twenty j^ears was stimulated 

oi ^ 

fi^warch he discttvered facts the nublicatirtn sctentifie 

t«n far atadem aviation. 

s’fr^L”"''" ‘S.^S'r r.t a.srv:’''!’ 

S. W,r Department, impressed by his success authoriied S » ^• 

iii3n.crr>:n(r machine which was completed in the ™ instruct a 

tpnng of igoj, A l tempts made to SauVh it L pimchsonian shops in the 
WJh failed owinj; to imperfect oDcratlor Af it. ' ° ^7 Deceniber Sy 
In these trials the wm^s and contmt t catapult launching device, 

of funds prevented otlfer tests at this*time''damaged and lack 

In 1914 (lQ||o\i:in^ fhe foundatifNTi Kw fh<a t s'* ^rthcr txpenrtn;iitA. 

parts of the originaJ machine. The jnme nnrf all available 

the first trials; the riMonstnioted wings were 

extension; the control surfaces ti.ere reMostmeted aid'ii l«ding edge 
with ^tcessanr trussing were suhsdtSr 

equipped, and weighing over jo oer e^nt ^ 'u caUputL Thus 

Curtiss as the pilot, it was successfullv 

quoitl, flown rep«at»IIy. Th.te i.tu t P..p«Il.r it wn, wb^. 

would have flown in joto had it been ^uee ^ original machine 

..ondsport flights t^eTJhi wt «*"’■ 

drawings and data under the supervision n/" 7'.''' fi** original 

using all original parti available. In loig the ^maeV ^ 

posited in the Katiunal Mnseun. for rL™a 'vas de- 

jwwcr gaiolittc engine was designed by OiarK ‘*"h S*-I.Qr«- 

the conslnKtiou of the machine ,„d piloted k in 1^“ 

designed by L.^NGLFV Ttrir 


THE TRANSMiSSrOK OF THE VEGETATIVE 
CHARACTER IN SPHAEROCARPOS. 

By CHARLES E, ALLE!C. 
iR^ad Aptii 

The character here discussed was first observed in one nfiale 
gametophj-tic oflspring of mating S, made between plants of Spluie- 
rcKgrpos DetiiieUii Aust, m 1919. The cultures used as parents in 
niating S werOi respectively: a female clone showing a high degree 
of hiftedness (Allen, 1924^) and carrying, as its sporophytic off¬ 
spring have shown, the separate-spore tendency (Allen. 19256) I and 
a group of male plants, not certainly belonging to a single clone but 
all recognized as typical. Among the f, offspring of this mating was 
the male clone in question (20.45) which, besides being markedly 
tufted, was '‘distinguished by a luxuriance of vegetative growth, 
shown especially in the size of the lateral lobes, and by a relative 
scarcity of antheridia and involucres ” (Allen, 1924^, p, 575). The 
tendency manifested by this clone toward greater vegetative growth, 
combined or correlated with a tendency toward a less profuse produc¬ 
tion of sex organs tlian in a typical race, was provisionally designated 
as “ vegetativeness." Done 2045 evidently derived its tufted tend¬ 
ency from the p, female clone. The possibilitj' that the vegetative 
character resulted from a mutation is supported by the fact that this 
clone alone in a family of 142 was obseni'ed to display that character. 
HowTver, since the pj male culture was not certainly a single clone, 

Jt is also possible that one plant in that culture, the male ancestor of 
clone 2045. was actuaUy vegetative; especially since at the time the ‘ 
parental culture was under observation the criteria of a tvpical race 
were not so sharply defined as they later came to be. 

The studies to be reported here have shown that vegetativeness is 
genetically separable from tuftedness, in connection with which it 
was first observed. It is one of three atypical characters (or char- 
acter-complexes), each first observed in a male done of S. Doiittfllii 
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and each involving a relatively jstnall production of sex organs and 
relatively great vegetative growth. The other two are polyclady, 
already studied on a fairly large scale (Allen, 1924^1, 19250, 1926) ; 
and semisterility (described by Wolf son, 1935), as to whose behavior 
iti inheritance no satisfactory' information is yet available. The typi¬ 
cal condition, vegetative ness, and semisterility constitute a series dif¬ 
fering, so far as observation has shotvn, only in the proportional de¬ 
velopment of reproductive and vegetative structures; semisterility 
being an extreme condition in which few, or at times no, sex otgans 
appear. Polyclady, on the other hand, also involves marked stnic- 
tural peculiarities. 

Tile results are here briefly reported of matings of four different 
female clones with the original vegetative male clone. 

$ Tvpical {Nok-v£getative, Non -tufted) X 
d' Vegetative, Tufted. 

Mating 40: 22.3 X 20.45. 

Mating 41: 20,56 X ao.45. 

The results of tlies* two matings are summarized in Table I. The 
dassjfication here given is subject to modification on further study 
of such of the clones as stiU survive; it is given, however, with coti- 
fidence as to its approximate accuracy. 


TABLE I. 

9 Noff-™ErATivE, Nck-tuftei X d VSCBTAVIVE. Tufted, 



Non^uf. 

Non-wa.. 

TuC. 

Veg.. 

Kod-iuL 

v«e„ 

Tuf. 

Tocals. 

Mating 40; 

C?.. ....... 

3 

e 

— 


2 

4 




5 

1 ^ 

tc 

Mating 4 e: 

^ ... 

7 

4 

0 

7 

5 

a 

14 

cP + h + . 


1 

I 

* 

•1} 


ift 


P 


* 

9 

19 

Touifl: 

9 ........ 

11 

6 - 

i 


4 

3 

7 

14 

7 

9 

37 

22 

r 

i* 

ft 


X6 

51 




























VEGETATIVE CHARACTER IN SPHAEROCARPOS. 


S5 


As Table I. shows, the vegetative and tufted characters displayed 
by the male artcestor may reappear either separately or together 
in the offspring of either sex. Vegetative female clones have thus 
appeared {or at least tiave been recognized) for the first time. 

Vegetative plants of either sex differ from typical pknts in the 
number of involucres (each enclosing a sex organ) produced at the 
apex of a branch. On a typical plants under conditions favorable 
for growth, as many as six involucres may be counted, approximately 
in a row across a branch near its apex; on a v^etative plant, rarely 
more than four involucres appear in such a row. On a typical plant 
the involucres are closely crowded near the apex and for some dis* 
tance back, becoming gradually separated as the older portions of the 
thallus grow in horizontal extent, usually to a distance at the base 
not exceeding the diameter of a fully grown involucre. On a vege¬ 
tative plant, tlie crow^ded condition disappears very shortly behind 
the apex, and farther back the involucres become separated more 
widelyp usually much more widely, than on a ty^picaJ plant. The 
vegetative tendency in males results, under conditions reasonably 
favorable for growth, in a larger development of the lateral lobes 
than in typical males, and in a more rapid extension of the area oc¬ 
cupied by the done as a whole. Corresponding differences in vege¬ 
tative growth, if they occur, are not conspicuous in female clones; 
perhaps because t3pical females are themselves characterized by 
much more vigorous growth than typical males. 

The statenants just made apply to branches otherwise typical in 
appearance, whether they belong to typical or to tufted clones. On 
tufted branches the vegetative character 15 not readily recc^ruzable; 
apparently the tendency in such branches toward an upright growth 
and the consequent crowding of involucres overcomes the tendency 
supplied by v'egetativeness toward a greater separation of the in¬ 
volucres. 

The differences that distinguish vegetative and typical plants are 
of much the same nature as differences that may appear within a 
single clone in consequence of varying environmental conditions; 
vegetative clones are therefore not so readily disdoguishabk from 
t)'pical clones as are those marked by certain other atypical charac¬ 
ters. This statement holds particularly for the females, and their 
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classification as to vegetativeness or non'vegetadveness is in some 
eases nmssarily tentative. It is much easier to distinguish between 
%-egetative and non-vegetative males, and, providing they are fairly 
healthy and vigorous, male clones can be classified as vegetarive or 
non-vegetative with a high degree of confidence. 

The possibility is not excluded that the vegetative tendency is in¬ 
herited in differing degrees by different clones, somewhat as 
to be true of the tufted tendency (Allen, 1924^). On this point no 
conclusive statement can yet be made. 

2 NoN-VKiCTATIVe, TuFT£d X ^ VEGETATIVE, TuETED. 

Mating 42; 20,68 X 2045. 

Mating 43; 20,65 X 2045. 

Very few germinations were secured of spores derived from 
these matings. The results, hoivever, are given for what they iiiav 
be worth in Table H. 

TABLE IL 
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Tn a mating between two tufted parents, it would naturally be 
expected that all the gametophytic offspring should be tufted al 
though some apiiarent exceptions to this rule have been found in 
other experiments. It may be. therefore, that the one non-tufted *■ 
female obtained from mating 42 (Table IL) will in the course of 
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time produce an occasional tufted branch and thus show itself geneti¬ 
cally tufted. 

lSTEHlll-:[AT|q&:S of CHARACreHS iKHEHltANCE. 

The results of the crosses ol non-vegetative, non-tufted X vege¬ 
tative, tufted {Table L) are capable of being explained by the as¬ 
sumption that the appearance of each atypical character (vegetative¬ 
ness or tuitedncss) is dependent upon a single factor. Previous re¬ 
sults (Allen, i^24b) have suggested that a factorial explanation of 
the inheritance of tuftedness may^ at least in some instances, require 
the assumption of two or more differential factors. The number of 
clones dealt with in the present experiments is too small to throw 
additional light upon this question. However this may be^ the 
totals given in Table I. suggest a linkage between vegelativeness and 
tuftedness, or between certain factors affecting each of these charac¬ 
ters; since the parental combinations (the first and fourth classes in 
the table) appear among the offspring about twice as frequently as 
what may be called tlte cross-over combinations (second and 
third classes). In considering these proportions, certain possible 
errors^ apart from those due to mndom sampling, must be taken into 
account ; particularly the likelihood that some genetically' tufted clones 
may have been classed as nou-tufted. The correction of such errors, 
if they occur, w^ould shift individuals from the first to the second, or 
from the third to the fourth das^. In one instance^ thereforet pos¬ 
sible corrections would w^eaken, and in the other would strengthen, 
the evidence for linkage. It seems probable that errors in classifica¬ 
tion have not materially affected the general nature of the results, 
and tliat a linkage really exists. The numerical relations here ap¬ 
pearing between the respective classes of offspring {almost exactly 
2 ; I : I : 2) may w^ell represent a very' distant approximation to the 
actual ratios. 

In Tabic 11L the results show^n in dw preceding tables are sum¬ 
marized w'iih relerence to possible relations in inheritance between 
sex and vegetativeness, and betwen sex and tufted ness. In the 
former case, all four matings are included; in the latter^ only t^vo+ 
since both parent.^ in matings 42 and 43 wete tufted. • 
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As regards sex and vegetativeness (first part of Table III.) the 
parental eharacter-comhJnadqns (first and fourth classes) are sSighHy 
but probably not significantly more numerous among the offspring 
ton are to cross-over combinations—although, if only the largest 
family is considered, to discrepancy is somewhat greater. There 

IS, at any rate, no satisfactory evidence of a linkage between these 
characters. 

As to sex and tuftedness (second part of Table HI,), the figures 
suggest a relation the reverse of linkage; the cross-over classes are 
niatcnally larger ton the non-cross-over classes. Since the error 
most likely to occur in this connection is tot of listing tufted clones 
as non-tufted, any correction for this error among the females would 
mcrea« the present discrepancy between non-cross-over and cross¬ 
over classes, and among the males would diminish the present dis- 
CT^ncy. The possibility- of such an error having occurred in a few 
«ses w-ould not seem materially to weaken the evidence offered by 
he present figures. However, since a linkage has been indicated be- 
ve^tam-eness and tuftedness (Table L). it i. to be e.xpectl 

l^ild L reference to sex 

- 

wei" (Allen. I5a4b). very- comparable proportions 

nere obtained among the f, offspring of a mfted female 
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a t>^pical male. At that time the suggestion was made that the pre¬ 
ponderance of tufted over non-tufted females might be explained by 
an assumption of the existence of more than one factor for tufted¬ 
ness j and that the apparent preponderance of non-tiifted over tufted 
males, instead of the opposite condition found among femaleSp may 
have resulted from errors in classification. In the light of later 
studies of tlie Inheritance of polyclady (Allen, 19550, 1936), this 
explanation now seems less sattsfactory% 

While final conclusions must await still more extensive results, 
the evidence of interrelations in the transmission of parental tend¬ 
encies to offspring presented in the present paper, together with those 
indicating a partial linkage between polyclady and sex (Allen, 1926), 
suggest that something other than the now w^idely accepted explana¬ 
tion of linkage and "" repulsion '* jmy be necessary to account for 
these interrelations in The notion tliat Linkage may 

in some cases result from a tendency of certain chromosomes to re¬ 
main together during the reduction divisions has already been put 
forth as fitting the facts in Oat&ihera (Qeland, 1953) and Tritkuftt 
(Malinowski, 19 ^S)j ^ similar hypothesis may prove workable 

here. 
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THE MECHANISM OF CHEMICAL REACTIONS. 

By HL'GH S. TAYLOR, 

* IRcad Afyrii 1^26,} 

The application of the Einstein Law of Photochemical Equiva¬ 
lence to photochemical reactions has resulted in a deeper insight into 
the mechanism of chemical processes* The law postulates a simple 
correspondence between the number of light quanta absorbed by a 
reaction system and the number of molecules thereby caused to react. 
By such studies, Warburg' has shown that, for example, in the de¬ 
composition of gaseous hydrogen bromide and hydrogen iodide, two 
molecules are decomposed for every absorbed quantum. Quite re¬ 
cently, this conclusion has been extended by Bodenstein and Uene- 
weg,^ to show that this ratio of reacting molecules to absorbed quanta 
holds for liquid hydrogen iodide, is therefore independent of the 
state of aggregation and also of the operating temperature both in 
the liquid and gaseous states. To account for these experimental 
facts there are two proposed mechanisms, one due to Warburg: 

HI -t- hv H + I 
H -f-HI-^H, + I 
I 4 - I 

the other due to Stem and Volmer * 

HI -H /iv HI'. 

Hr + HI-*H, + I,. 

In the former, a dissociation into atoms h postulated. In the latter, 
reaction between an excited molecule (HF) and a normal molecule 
is assumed. Both mechanisms yield the ratio between quanta and 

0^14) J JI4 (1916). 

^^€itichK physik Chftrt., //p, laj C1936), 
hZfitschr^ WUJi ^5 (lyso). 
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molecules reacting which experimCTit requires. A decision between 
the two alternatives is not yet possible, a situation therefore obtain¬ 
ing which is provocative of further experimental research.* 

An analysis of the photochemical combination of hydrogen and 
chlorine from this standpoint by Bodensteinp^ revealed that, in this 
case, a startling deviation from the Law of Photochemical E^juiva¬ 
lence wras present. Bodenstein calculated that, as many as KO" mole¬ 
cules of hydrogen chloride could be formed as the result of the ab¬ 
sorption of one quantum of light energy', 'rhis deviation from 
equivalence has given rise to many explanations^ many of wbitb 
have been thoroughly discussed elsewhere.* The most persistent of 
the explanations cited has been that of Nemst who postulated a pre¬ 
liminary dissociation of chlorine by light into atoms, and then a 
chain of reactions w^hich sequence may be represented by the follow¬ 
ing equations: 

Cl^ + hv 

d + + 

H+ci,^Ha + a 

which sequence could continue until, by some means or other, hydro¬ 
gen atoms, or chlorine atoms were removed from the system by 
means other than those involved tn the reaction chain recorded above. 
The most direct evidence for the possible existence of such a chain 
w^ obtained by Taylor and Marshall,* w'ho succeeded m introduce 
ing hydrogen atoms into an unilluminated hydrogen-chlorine mixture 
and in establishing that more hydrogen chloride w’as produced than 
corresponded wHth the hydrogen atoms employed. 

The abnormal activity of hydrogen atoms thus demonstrated is 
of importance in the problem of hydrogenation catalysis at the sur¬ 
face of such metal catalysts as nickeb copper, iron and platinum^ 
since, as has been shovm by Gauger ^ and by Wolfenden in Prince¬ 
ton* the critical potentials of hydrogen in presence of cataKlic 

* See, Franck, Faraday Society Sj^npo^iuiti on PhoiochemistTy, 

J Zriff^hr, phy^k. Wp 35 ^ 

“Taylor, Treatise of Physical Cheniistryp Vol. IL, pp, 1216^1230^ D. Vati 
Nostraad Co. 

“ Nature, HA (i0^3>; MarsKalt, J. Phys. Chem, S45 (1925). 

/Jpfi. C’ftrtrt. Sffc.f ^4 (13^4)- 

*Iffly. Sdc., tioA, 464 
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nictel and tqpper indicate that hydrogen is present m the atomic 
condition on such surfaces. The same is true also in respect to 
hydrogen on ^rort^ as some unpublished work by Kisdakowski and 
the writer has shown. The extent to which the presence of hydro¬ 
gen atoms is of impiOTtanoe in hydrc^nation processes has been ap^ 
proached from yet another angle by Taylor and Marshallusing 
hydrogen atoms produced by collision of excited mercury atoms and 
hydrogen molecules. By this method Carlo and Franck^® showed 
that collisions of the second kind occur between hydrogen molecules 
and mercury' atoms excited by the resonance radiation, A — ^536.7, 
emitted by a cooled mercury^ arc, hydrogen atom$ thereby resulting. 
If such atoms be generated in presence of ethylene, carbon monoxide, 
oxygen, nitrous oxide, reduction of these gases readily occurs. The 
rapiditj- with which the reaction occurs suggested to the author*^ 
that a chain mechanism of die type met in the hydrogen-chlorine 
combination was involved. Thus* in the case o! the reduction of 
ethylene, a chain of the ty'pe, 

QH, + H 

might occur, the second stage in the process regenerating the hydro¬ 
gen atom consumed in the first stage. In this way, yields of ethane 
in excess of the hydrogen atoms produced by collision between ex¬ 
cited mercury atoms and hydrogen molecules could be expected. 
Thermodynamic calculations suggested that both these stages were 
spontaneously occurring processes and, therefore, thermodynamically 
possible. 

To account for the rapid reaction between hydrogen and oxygen 
to form water, two reaction mechanisms may be written, the one in¬ 
volving hydrogen peroxide, 

H,0, = H,0 + 0 , 

H5 + O =H;0, 

Phyj. CAcm., ^9, II 4 O 

» ZeifjcJir, Fh^tikt iJj 162 (t^). 

Trans. Farad. Soc.^ Symposiuin on Pbotochemlstry, Oxford^ 1925, 
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the other involving the formation of a hydroxyl radical 

H+ 0 , = 0 H + 0 . 

0H4-Hj = H 50 + H, 

0 + H, = H, 0 . 

Both possibilities provide for the regeneration of a hydrogen atom 
in the second reaction of the sequence and therefore the possibility 
of a chain mechanism as in the case of etiiane formation. The data 
for a thermodynanuc analysis of these tivo aJternarives are not avail¬ 
able, so that other methods of reaching a decision were necessary. 
The second alternative appears improbable since it suggests that the 
affinitj' between an oxygen and a hydrogen atom is greater than that 
between two oxygen atoms. If the first a!temati%^e be correct it 
should be possible to demonstrate the formation of hydrogen per¬ 
oxide as an intermediate stage in the process. This has now been 
demonstrated by Marshall on passing hydrogen and oxygen mixed 
with mercury vapor ihrough an apparatus of the type described re¬ 
cently by him. Using an apparatus of a different tjqie, the writer 
and Mr. J, R, Bates have succeeded in demonstrating that the reac¬ 
tion may be conducted so that hydrogen peroxide is exclusively pro¬ 
duced without any water formation. The hydrogen and oxygen 
saturated virith mercuiy vapor at a definite temperature are passed 
rapidly through a quarts tube, 30 cm, long and i cm. diameter^ main¬ 
tained at the temperature of saturation of the nwreur)'* Around the 
quartz system is built a cooled mercury arc whence the resonance 
radiation enters the reaction system. Table I. illustrates the type of 
results obtained with this method of operation. 

Under certain conditions of gas flow and saturation concentration 
of mercury'' i.'apor the condensible product .is hydrogen peroxide of 
100 per cent- strength. Reduction of the speed of gas flow causes a 
reduction of the peroxide concentration by photochemical decom¬ 
position with the formation of water. Decomposition also occurs by 
interaction with mercurj' with the formation of water and mercuric 
oxide. These results^ therefore^ may be regarded as strong con¬ 
firmatory evidence of the correctness of the first alternative and also 
of the possibility of a chain mechanism in the interaction of hydrogen 

PhySr Chrwi., 30^ 34 
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atoms and oxygtri. Preliminary measiitements by Marshall of li^ht 
energy^ absorbed and of reaction produced confirm this conclusion. 
They indicate that at l^ast twenty molecules of hydrogen disappear 
per quantum of absorbed resonance radiation. The experimental 
work is difficult as the production of mercuric oxide complicates the 
measurement of light absorption. With a system containing hydro¬ 
gen* carbon monoxide and mercury vapor the mercuric oxide Is not 
produced and the optical measurements are simpler. With this sys¬ 
tem Marsliall also Itas found more reacting molecules than absorbed 
quanta. 

TABLE T. 
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The concentration of mcrcun' vapor was always the saturatEan conccn- 
iTation at 50“ C. The arc w.'as run at 35 ^^Its and ifl amperes. Hack nan 
\Atitd 10 minute !i. 


Rideal and Hirst see ’* in the production of hydrogen peroxide, 
from hydrogen and oxygen in the presence of excited mercury, evi¬ 
dence that the activation process consists, not in the formation of 
hydrogen atoms, but in the production of excited ht-drogen molecules, 
according to the equations; 

Hg' -|- H, =5 H,* -(- Hg 
and H,' -J- O, = H.Oj, 

They cite as further evidence in this connexion the production of 
hydraaine, NjHj, from a system containing nitrogen and hydrogen 
They regard the assumption of hydrogen atoms as unnecessary' in 
all the reduction processes studied, 

Nofur^^ III, ( 1976 ). 
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This attitude ignores the experimentally demonstrated presence 
ai hydrogen atoms in systems of hydrogen and mercury vapor ex¬ 
posed to the resonance radiation of mercury. Cario and Franck ^* 
showed that atoms were present in such systems at low pressures by 
observing on illumination the '‘clean-up" effect, the adsorption of 
hydrogen atoms on the walls of the containing vesseh an effect with 
hydrogen atoms first pointed out by Langmuir. The presence of 
hydrogen atoms in such illuminated mixtures is further confirmed 
by the experiments of Senitleben,^® who showed that the illuminated 
mixtures possessed high thermal conductivity by reason of the pres¬ 
ence of hydrogen atoms. 

The production of hydriven peroxide is no sufficient proof that 
the mechanism involves excited hydrogen molecuJesT since a simple 
mechanism involving atoms has already been suggested as an altema- 
tiv'e^ w'hich also accounts for the high yield per quantum of absorbed 
energy^ Furthermore, as found by Bonhoeffer,^^ hydrogen atoms, 
produced by Wood^s method^ the passage of a high tension dis- 
chai^e through moist hydrogen,^' also give hydrogen peroxide on 
admixture with oxygen. In this case there can be no doubt that the 
reacting species consists of hydrogen atoms. 

An entirely indepetident series of investigations conducted in this 
labotatory^ by Mr. \\L H. Jones lend abundant support to the concept 
that the reduction processes in these sev^eral cases involve hvdrogen 
atoms. If, in the hydrogenation of ethylene in presence of excited 
mercury' atoms, the stages of progress be represented by the sequence 

H-hC,H, = CH,; 

+ + H, 

then, it should be possible to effect the combination of hydrogen and 
ethylene by liberating into the mixture of these gases the free radical 
C.H, involved in the second stage of the process. If, in this manner^ 
hydrogen and ethylene both disappear in excess of the amount of 
ethyl liberated^ the possibility of the chain of reactions is established. 

Loc. cH. 

JUirkir^ochftn.^ sf. (ws). 

I (1922). * 
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The simplest niethod of liberating free alk)l radicals into a mixture 
of these gases is by decomposition of metal alkj'ls. At my sugges¬ 
tion, Mr. Jones has studied the behavior of these gases when mer¬ 
cury diethyl and lead tetraethyl are decomposed in their presence. 
These metal alkj'Is were chosen since they decompose in the tempera¬ 
ture range, aoo-joo'’ C., in which hydrogen and ethylene do not 
react thermally in glass vessels. Furthermore, the metallic residues 
from the decomposition processes, mercury and lead, have them¬ 
selves feeble catalytic activity. It can be shown experimentally, that 
hydrogen and ethylene do not combine under the conditions cited in 
the presence of these metals either as va[ior or as deposits. 

We have shown that hydrogen and ethylene readily combine in 
presence of decomposing mercury diethyl or lead tetraethyl. More 
hydre^en and ethylene disappear than would correspond to ethyl 
groups liberated as may be readily seen from some of the data in 
Table II. The main reaction product is theretore ethane; but, our 
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t'l Hg(CsH,),; HgCCH,), The third experinietit of 

this series show* convincingly that mure hydrogen and ethylene disappear 
than can correspond to ethyl groups liberaled, No volume changt occurs on 
fiMBy hours heating of hydrogni and ethylene with mercury alone under the 
given experimental coiidittons C.J. 


investigations show that more complex hydrocarbons simultaneously 
result. This has been shoivn to be due to reaction involving ethyl 
groups and ethylene. For, in absence of hydrogen, ethylene dis¬ 
appears when heated with decomposing mercury diethyl. Liquid 
hydrocarbons, with boiling points registering over too* C., have been 
recovered from the reaction, but have not yet been identified. It is 
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evident that reactions involving, as one stnge^ the addition of ethyl 
and ethylene 

are here taking place. A possible approach to the chemistry of the 
free alkyl radicles, of extraordinar>' interest to the organic chemist, 
is here indicated. Their major interest at the moment consists in 
the fact that they supply additional conhrmatory evidence of the 
atomic niechanisni of reaction in hydrogenation processes and har- 
moni^ic observ^ations on the properties of hydrogenation catalysts with 
those attained in the study of reactions under the influence of excited 
mercury^ 

One further aspect of the problem may be emphasised. As al¬ 
ready stated, in systems containing oxygen there is a removal of 
mercury atoms in the form of mercuric oxide, so that, for reproduci¬ 
ble working conditions, dyimmic methods must replace the static 
method of experiment first employed in these studies. As Rideal and 
Hirst have pointed out* however, the reduction of reaction rate with 
time is not confined to systems containing oxygen hut occurs also 
with the hydrogen-ethylene system. These authors therefore feel 
that the mercury' vapor may he shorn of its activity by other than 
chemical methods. That this is not necessarily true has been estab- 
lislted by Mr. J. R. Bates in Princeton who has shown that interac¬ 
tion occurs between mercury^ vapor and ethylene alone resulting in 
the production of volatile mercury organic compounds, not yxt 
identified completely, but, apparently, of the mercuiy' atkyl type. At 
the same dme it has been shown that a part of the interaction be¬ 
tween ethylene and mercury involves the production of acetylenei the 
e.xdted mercury acting therefore as a dehydrogenation agent. It is 
this dehydrogenation process which causes the inida] increase in pres¬ 
sure obser^'ed with excited mercury and ethylene by Olsen and 
Myers in their study of the polymerization of ethylene and its hy¬ 
drogenation by means of excited mercury atoms. Their work at low 
partial pressures is confirmed by operation at atmospheric pressure; 
practically complete disappearance of the ethylene may be achieved 
with the production of liquid polymers. In these experiment^, the 

Atn. Soe., , 3®^ ( I92J6) . * 
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characteristic ctdor of mercury alkyls is quite pronounced, again 
showing the possibility of chemical interaction betw'een ethylene and 
mercury', 

SUHMAkY, 

The intervention of hydrogen atoms in a variety of reducliori 
processes, especially reactions conducted in presence of excited mer¬ 
cury vapor, has been substantiated by the results of experiments on 

(a) The producdoti of hydrogen peroxide from hydrogen-oxygen 
mixtures, 

(b) The ratio of molecules reacting to quanta ab$DTbed, At 
least twenty molecules of hydrogen disappear per quantum absorbed 
of a frequency corresponding to A —2536,7 A. 

(c) The sensitisiation of reaction between hydrogen and ethylene 
by thermal decomposition of metal alkyls. 


THE FL.^SH SPECFRUM OBSERVED AT THE 1925 

ECLIPSE. 


Bv S, A. MITCHELL 

Aprii 23 , 

The iTcniendous popular interest aroused by the total tdip^ of 
January' ^4^, 1925, is still fresh fn the minds of each and every one of 
us. It is estimated that at least ten miltiDn people T^-ere given the 
opixntunity of witnessing the gorgeous phenomenon. The great 
newspapers oF the metropolitan district assert that no single event in 
the past decade has aroused such widespread enthusiasm. As total¬ 
ity lasted for the brief time of two minutes or less, and as the scien¬ 
tific investigations were nearly all crowded within the period of the 
total phase of the eclipsep it is certain that no single event in the his- 
tory-^ of nian has had so many words, per minute of duration of the 
event, written about it as has been the case with the recent eclipse. 

Ordinarily at an eclipse the most important of the scientific prob¬ 
lems are attacked by means of the spectroscope. A prism of glass 
breaks up light into iU colors, forming a spectrum. The spectrum is 
produced also by a grating. This is made by ruling with a fine 
diamond point on a metallic reflecting surface of speculum metal 
lines parallel and equidistant, many thousands to each inch* If the 
rulings are made on a plane surface vve have a plane grating. To 
form a .spectrum a lens must be used in connection with such a grat- 
ing. If the diamond point rules a spherical concave mirror, a con¬ 
cave grabug is the result and the lens can be dispensed with. 

If the light to be examined is feeble, as is the case in stellar in- 
vestigationsp a prism is generally employed. With the brightest of 
the stars and the largest of telescopes, a second or third prism (never 
more than three) may he utilized to increase the dispersion or 
lengthen out the spectrum. 

If there is sufficient light, as with the sun under ordinary con¬ 
ditions. and a high degree of precision is necessary', then a spectrum 
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is required of greatlv increased length over that possible with prisms; 
with the censeqiiem result tEiat a concave grating is nearly always 
used for solar investigations. 

With the uneclipsed sun a slit is necessary^ and the spectrum con¬ 
sists of many thousands of dark lines, each an image of the slit, 
superposed on a bright ribbon of light of the sj>ectrum colors. The 
enigma of these dark lines discovered by Fraunhofer in 1814 became 
understood in 1859 by the fomtulation of Kirchhoffs laws. The 
greatest triumphs of modern astronomy are connected with the use 
of the spectroscope. The dark Fraunhofer lines in the ordinary 
solar spectntm permit us to know the rnaterials that go to make up 
the sun, W'e know the constitution of the sun with as much cer¬ 
tainty as if we had a representative piece of it and could make a 
refined analysis in one of our best clienncal laboratories. 

At eclipse time the s|>ectroscope can be employed to investigate 
the hot gases that form the sun*s true atmospherep the chromosphere, 
as it is called by the astronomer, and also to try and discover the 
constitution of the far-flung and feeble corona. On account of the 
much greater strength of its light, it is possible to use writh the 
chromosphere a much higher disjiersion than is possible with the 
corona, 

The chromosphere w-as Brst mvestigaicd at an eclipse in the year 
1868 and as a result helium discovered, tiiventy-seven years before 

it was isolated in a chemical laboratory by the celebrated Ramsay. 
Before the eclipse of 1S70, Professor Young of Dartmouth foretold 
the discovery of the Hash spectrum.” 

The dark lines in the ordinary solar spectrum are caused by the 
absorption of light from the hot solar surface by the relatively 
cooler gases that surround the sun. As the partial eclipse progresses, 
and so long as there is the smallest |X)rtion of the sun"s surface 
visiblCp tlie spectrum is the dark-lined spectrum. At the instant of 
totality the bright background of tlie sun as covered by the moon. 
The gases at the point where was seen the last vestige of the sun 
are not yet covered by the advancing moon, and as these ga,ses are 
at a very high temperature, they give their spectrum which consists 
of bright lines on a dark l^ickground. At the very' instant of totality' 
tHere is a sudden change in the appearance of the spectrum, for where 
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there were formerly dark lines oa a bright background they have jtow 
changed to bright lines on a dark background. The change is so . 
sudden a one, the bright lines flashing out so quickly that Young, 
whose eye in 1870 was the first to witness it, called the appearance 
the flash spectrumThis lasts only about three seconds while the 
moon is advancing over a relatively shallow layer. A second ap¬ 
pearance of the flash sj}ectrEim is seen at the end of the total phase. 

The flash spectrum was first photographed at the eclipse of 1893* 
and gratings were first employed at the eclipse of ]9cx>. The best 
photograph to date of the flash spectrum was obtained in 1905. 

The winter of this article has confined his inii'estigations at eclipses 
almost exclusively to the photographs of the flash spectrum. All of 
the instruments used by him in 1925 w'ere kindly loaned by the 
United States government except the concave grating itself. This 
was of four inches aperture, ruled wnth 15,000 lines to the inch and 
w’as kindly loaned by Professor F. A. Saunders of Harvard Uni- 
versit}'. The same grating was successfully employed in 1905 in 
Spain. At the time of the eclipse* light from the sun fell upon a 
plane mirror mounted as a cedostat, and by this the light re¬ 
flected directly onto the concave grating which clianged the incident 
light into a spectrum and brought it to a focrus on the photographic 
plate, 

Mo slit \Y^s necessary for the reason that the atmosphere of the 
sun at the point of investigation is very thin. At the distance we 
are from the sun the shallow^ layer becomes almost a mathematical 
line. The flash spectrum consists of a number of cusps, each a 
colored image of the heated gases of the solar atmosphere. A meas¬ 
urement of the length of the cusp parallel to the solar surface readily 
affords a knowledge of the height in miles tliat each solar vapor 
ascends above the surface of tlie sun. The flash spectrum thus gives 
information regarding the physical constitution of the gases making 
tip the sun's atmosphere but it also gives the heights to which these 
vapors ascend. There is no other method yet known to science that 
permits a knowledge of these solar heights—and herein lies one of 
the most important problems to be investigated by the eclipse 
astronomer* 

The sun is the nearest of the fixed stars^ and it is the only liar 
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which permits us to examitw its atmosphere in detail at the time of 
a total eclipse* A knowledge of the heights attained by the solar 
vapors gives information regarding the pressures under which the 
spectroscopic lines take their origin. At verj' reduced pressures in 
the sun's chromosphere and at the high temperature found there it 
is readily possible for an atom to lose an external electron and become 
ionized. The si^ectnim of the ionized atom differs very much from 
tliat of the neutral atom whiclt has not lost an electron. In the ion¬ 
ized siiectrum certain lines are enlianeed in intensity and these are 
the lines which are stronger in the spectrum of the electric spark 
tljan in the electric arc. Knowledge of these things is of the very 
greatest importance in furthering our knowledge of the chemical 
atom, a quest in which astronomy, physics and chemistry are vitally 
interested. 

It is a very ihrilling portion in the life of an astronomer to take 
a long trip, sometimes to the ends of the earth, to make observations 
during the few excited moments of totality. The W’riter has traveled 
50,000 miles to observe total eclipses of the sun. .At this his sixth 
eclipse he regards himself as very fortunate that the moon’s shadow 
passed over the Van Vleck Observatory in Middletown, Conn. There 
his friend Professor Frederick Slocum is director. Instead of being 
obliged to live in discomfort in an eclipse camp or small hotel on 
foreign soil he was the guest in the comfortable home of Professor 
and Mrs. Slocum, Instead of having tu rely entirely on one's self 
for ail the tools and instruments with which to erect and adjust the 
spectroscopes for the eclipse, a well-appointed observatory, a splen¬ 
didly equipijcd physics laboratory and machine shop were at my dis¬ 
posal and every' assistance needed was generously given. The focus¬ 
ing of the concave grating so that the coelostat mirror and concave 
grating are adjusted for parallel light is a very diHicult and an all- 
important task. Unless the focus is of the very best, unless the 
atmospheric conditions of seeing and transparency are of the very 
finest, unless the exposures at the eclipse are timed with the greatest 
of nicety, the resulting photographs of the flash spectrum will not be 
of the liest quality — and at the present day in ecHixse work anything 
short of the very best will bring little of increase to our knowledge 
oUthe sun. 
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In eclipse work I have had the best success in fmusing the grat¬ 
ing si'jectToscopc by the eniplojiiienl of a collimator, which is a slit 
arranged between two cortcave niiirrors in order to give a parallel 
beam of light from a slit source. The apparatus was adjusted in the 
basement of the Van Vleck Obser^^ator):' hy means of the collimator 
and an electric arc using Sperry carbons which give spectra rich in 
lines throughout the whole range of wave-length. Photographs for 
focus showing exquisite definition were secured. On the day before 
the eclipse the large box holding the grating in position and the ad¬ 
justed plate-^holder W'as carried carefully into the temporary shelter 
located on the outside of the dome of the 20-inch refractor. x\l- 
though the focus was so carefully and satisfactorily obtained, there 
wa.s one fear over present. How w'ould the great change in tem¬ 
perature affect the curvature and the focal length of the grating and 
the whole adjustment of the apparatus? I liad never before obsen^ed 
a total eclipse with winter conditions^ In the observatory the tem¬ 
perature of the room where the adjustments were carried out was 
about 70'' F. On eclipse morning the minimum temperature was 6* 
below' zero and at the time of the eclipse hovered around the aero 
point. Time did not permit a test of focus under the altered con¬ 
ditions of temperature^and there w'as nothing to do but Iw an 
optimist and hope for the best- 

What a dejected crowd of astronomers we were at eight o'clock 
on eclipse morning W'hen w'e bad gathered at the Van Vleck Observa- 
toiy' to observe "'first contact/' the beginning of the eclipse. There 
WTi^ nothing but clouds everywhere 1 

A f[uarter of an hour later a ray of hope appeared, there was a 
blue streak of sky low down in the northwrest—and the clouds w^ere 
coming from tltat quarter. ^VouJd it clear off in timef Luck vras 
with us. Fifteen minutes before totality the sun broke through the 
cloud.s. With the assistance of my colleague Dr. Harold L. Alden, 
the final adjustments were made on the instruments. Five minutes 
Ijefore totality each observer was at his station and we waited in 
great expectation. A cloud, very thin and very fleecy, now hung 
over the sun. It w^as not thick enough to do much darnage and it 
wTis moving sloivly. e hoped it too would go. W hen the timers 

called out "Two mimites/' the cloud w-as almost gone. By no^' it 
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was t>egmning to g^t quite dark, a weird and unnatural pail coming 
over tht bndscape. The observers outside noted shadow bands 
flickering over the snow. At one minute before totality, with the 
thin crescent of the sun growing very small die atmospheric condi¬ 
tions seemed perfect^ the thin cloud had gone 1 

The signal “Thirty-seconds" rang out. Everything was hushed 
while we waited for the zero hour, the beginning of totality. In my 
right hand I had a pair of binoculars over the right glass of which 
wras a grating for □hsen.^lng the flash spectrum visually. WTien I 
saw it flash out, I gave the signal, "Go/' totality had bt^unj and 
with my left hand I opened the shutter to begin the first exposure. 

I liad planned to lake six photographs during totality which was 
expected to last il2 seconds. My assistants did their work so well 
that ever>thing passed off without a single hitch. 

Measurements of the flash spectrum give information of three 
ditferent kinds: (i) wave-lengths of the spectral lines; (a) intend- 
ries of the lines; and {3) the heights to which the vapors ascend 
above the solar surface. The edipsc spectra of 1905 showed that 
there are no systematic differences in wave-length from those ex¬ 
hibited by the ordinary solar spectrum. Wave-lengths in eclipse 
s|>ectra are needed mainly for purposes of identification for deriving 
the source of the lines. Heights and mtensities are of the very 
greatest importance. It was from the 1905 eclipse spectra that 
Saha*s valuable theory oE ionization was confirmed experimentaily. 
The greatest height in the chromosphere is attained by tlie ionized 
lines H and K of calcium* which rise to an elevation of 14,000 kms. 
above the surface of the sun. 'The red hydrogen line reaches a 
slightly less election of i2j00o kms. The details of the flash spec¬ 
trum which extends from wave-length 3200 A. in the violet to about 
7500 A. in the red w^ill be published at a later date. 


THE PLEISTOCENE GLAQAL STAGES: WERE THERE 
MORE THAN FOUR?" 


Bv FRANK LFVEREtT. 

Mich. 

{Read A^ril 

It has been about 50 ytars since the pioneer workers m glacial 
geology, T. C ChamberlliT, W J McGee, J. S, Newberry, Edward 
Orton, and NL H, Winchell, brought out evidence that the Pleistocene 
Ice Age was not one of continuous cold climate, but was broken by 
long periods of relatively warm diniate, whose fossils show condi¬ 
tions as temperate as now' pres'ail, Chamberlin brought to notice a 
relatively young drift with a definite terminal moraine, lying back in 
places a considerable distance from the limits of the glacial deposits, 
and pointed out that the outlying, or extra-morainic drift, showed 
evidence of markedly greater age. In his principal paper, in the 
Third Annual Report of the U. S. GeologicaJ Survey, he described 
the outer nioraine of the younger drift as the “ terminal moraine of 
the second glacial epoch,” thus thrownng into a single glacial stage all 
the drift outside and beneath the drift of this epoch. At about the 
same time McGee, working in Iowa, in the extra-morainic area, 
found evidence in a buried soil between two tills, that there was need 
for the recognition of two distinct glacial stages, with an intervening 
warm climate stage. Winchell, also, at about the same time, brought 
out evidence of similar character in southeastern Minnesota and 
recognized two distinct drift sheets outside the terminal moraine of 
the last glaciation, while Newberry and Orton found buried soils 
both inside and outside that moraine in Ohio. Thus the youngesi 
drift came to be recognized on the basis of topographic youth, while 
the others were differentiated on a stratigraphic Isisis. 

As studies progressed it soon became evident that the top drift 

' By [jertnission of Director, U, S, Gcoloffical Survey. ■ 
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in tht! extra-mor^inic district displays marked contrasts in tlie degree 
of erosion and weathering, inconsistent with its reference to a single 
glacial stage. Thus the uppermost till in southern Iowa was found 
by i^tudies carried on by tlie writer to show markedly greater erosion 
than the uppermost rill in southeastern Iowa and w^esiern Illinois, 
w'here proximity to the main drainage artery (Mississippi River) 
seems to favor rapid erosion. This drift was found to have a definite 
terminal moraine on iu* w^estern border, and the ice sheet w^hich 
formed it covered tlie Mississippi Valley betw^een Clinton and Fort 
Madison, causing the river to take a temporarj^ course across south¬ 
eastern low^p outside the moraine, A buried soil W'as also found to 
separate this drift from the underlying drift, this underlying drift 
being the surface till of the district outside. The four drifts thus 
differentiated are of declared type and age, and are so considered by 
all students who have had opportunity to investigate them. x4nother 
differentiation of the drifts in northeastern low^a is discussed below, 
their relations being problematical. 

The oldest drift, which underlies the buried soil noted by ilcGee 
and Winchellp has but slight exposure in the type areas outside the 
second drift, so its degree of erosion is not well showm. But a long 
interglacial stage betw’een these tills is shown by deep weathering of 
the up|>er |>art of the lower till, developing what is known as gum- 
botil, as well as the soil noted by McGee and Winchell. A drift in 
New Jersey and eastern Pennsylvania, which is tentatively regarded 
as of the age of ihc louver till of the western district and is thought 
by glacial]sts familiar with both districts to show a great degree of 
erosion, thus supplements the evidence from w^eathering. The name 
Jerse\"an is applied to the old drift of New jersey, and this name 
may eventually be extended to the oldest drill of the interior. The 
latter drift has already carried a succession of names—Kansan, sub- 
Aftonian, and more recently Nebraskan. The interglacial stage be¬ 
tween it and the second ghcial stage is known as the Aftonian. The 
drift of the second glacial stage was found to extend into Kansas 
and has come to be widely known as Kan.san, w^hile the third drift, 
because of wide exposure in Illinois, is known as the Itlinoian. The 
soil and w'cathered zone between it and the second drift is knowm as 
the Yarmouth. A guml}otil was developed in the Yarmouth stage of 
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such depth as to show that that stage was one of length, perhaps 
even exceeding in length the AfIonian interglacial stage. The next 
drift in northeasterri Iowa is known as the Iowan. The drift of the 
latest glacial stage is known as the Wisconsin, because first clearly 
recognized in that St^te through the investigations by Chamberlin. 
The weathered zone developed on the Illitioian is known as the 
Sangamon, There is a moderate development of gumbotil where the 
surface is flat and drainage w^s imperfect, but it is a much less con¬ 
spicuous feature than that developed on the Kansan drift. Betw'een 
the Illinoian and W'isconsin drifts there also comes the main loess 
deposit. It rests upon the weathered surface of the Illinoian driftp 
and passes under the outer moraine of the Wisconsin drift. Its 
deposition appears to have preceded the culmination of the Wisconsin 
glaciation by only a short intenalp as its surface where it is ex^josed 
beneath the Wisconsin drift shows but a slight amount of leaching 
and W'eathering. 

The contrajit in age of the Kansan^ lllinoianp and Wisconsin drifts 
is clearly shown by the degree of erosion* as brought out in topogra¬ 
phic maps of the U. S. Geological Survey, Thus the map of the 
Milo* Iowa, quadrangle in southern Iowa show^s the great erosion 
suffered by the Kansan drift. Scarcely one tenth of the original 
surface of the drift is preserved* the rest being in ^"alley sbises and 
valley bottoms. It has been estimated by a member of the Iowa 
Cenlogical Sur\ey that the average erosion, or amount of drift re¬ 
quired to fill up the valleys is fully 50 feet.^ 

^ The iTiapa here namedn Milo (Iowa), Vermont (Illinois), Wrst Column 
hus (Ohio), and Dcfiante (Ohio), were shown in connection with the read¬ 
ing of the paper to illuitraie the contrast in erp^ian of Kansan drift, Illinoian 
drift, Wisconsin drift, and the bed of the jjiadal lake in the Eric Basiiu and 
the Pleistocene map New Jersey' accornpanying Salisbury's report (Geol. 
Surv- of New Jersey, Vol, V., PL XXVITL) to show the irreat erosion stif- 
fered hy the Jerseyan, or oldest drlfL As the maps are caMly ohuined by 
Uiofic Interested, cither in UbrarieSp or from the U £- Gcol. Survey, n soems 
inadvisable to incur the large cxltciise of their reproduction here. There are 
several other mapped quadrangles art each of the ddfts, Kansan^ ininoiao and 
Wisconsin, that wiH illustraSe as well those named, the relative degree of 
erosion. Thus for the Kansan drift the Chariton, Knoxville, Meleher and 
Pella, in southern Towa, and the Atlanta. Braj-mer, Gark^dale, Galhilin, 
Macon, Maysi'ille* Pallnnsbnrg. PlattPo’o. and Winston, in northern 
Missouri, are among the recently suncyed quadrangles whkh portray l^ell 
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Turning now to the Vcmiont quadrangle m western llltnoiSp 
where the Illinomn seems to Imve been subjected to comparable con¬ 
ditions except those of length of time ol exposure, it may be seen that 
nearly Italf the original surface of the drift is preserv^cd and that the 
valley slopes are very narrow and bluffs much steeper than in the 
Kansan drift- It is estimated that the time required to carry erosion 
here to the degree experienced by the Kansan drift would be con¬ 
siderably longer than lias l)een required to develop tlie present erosion 
features. Some glaciaJists would put it at not less than three rimes 
as long. The amount of material required to fill the valleys in the 
llhnoiati drift is estimated by the writer to Ik less than one third as 
much as that for fining the valleys in the Kansan. The lllinoian 
drift apparently falls in the last quarter of the Pleistocene Ice .Age. 
and is ihus to be classed as one of the younger drifts. In it moraines 
and other glacial features are well defined and relatively well pre- 
sen-ed, which is not the case in the older drifts. Turning to the map 
tliat has been selected to illustrate the degree of erosion of the Wis¬ 
consin driftp the netv West ColumhuSp Ohio, quadrangle, it will be 
s^n that valley cutting is in a very youthful stage^ w^ith parallel 
Streams that show^ few branches. Another map, the Defiance, Ohio, 
quadrangle^ represents erosion in the bed of the glacial lake in the 
Maumee basin^ The lake waters were drawn off from this district 
and its erosion started several thousand years later than the time 
when the ice melted from the Columbus district and erosion started 
there. Time estimates leased on the recession of Niagara Falls give 
the falls a period of about 25.00O years, TTie lake plain was drained 
and erosion started on it a few thousand years earlier. In all prob¬ 
ability a |>eriod of 30,000 years is involved in developing this very 

the degree of erosion. There arc more than twenty quisdrangles in western 
Illinois which iUufitrate as well as the Vermont quadrangle the degree of 
erosion ot die IllinQian drift. They include die Avon, Bcardstpwn, Canton, 
Carlinvilk, Colchester, Dlvernoii, Edginifton. Gillespie^ Coodhopc, Havana, 
Laharpe, Macomb, MilaUp Monmouth, Mount Dllvep Raymond, Springfield. 
Talula and Taylorvi!le. Msmy of the surveyed quadraneles in the Wisconsin 
drift are so cumpheated by morainea and other coniiriictioiiat features that 
wide areas of till plain like those in the earlier drifts are not common. But 
the Ea-il Columbus West Cofumhiis, Delaware, and Dublin, Ohb, and the 
Fort EXodye, LehiRh, and Slater, Iowa, map* arc largely till plain and set 
forth well the slight degree of erosion of the Wisconsin drift. 
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youthful degree of erosion, while the CoJtimbus distnet probably has 
liad not less than 40,000 years. A comparison of this stream work 
wHth that on the Illmoian drift makes it apparent tliat the latter has 
had at least three times as long a period as the Wisconsin. Glaqiai- 
ists have given the Hltnoian an age of at least 150,000 years, and the 
Kansan fully a half million years. Their estimates liave been liased 
on degree of weathering as weM as erosian. 

In passing, it is noted tliat there is a striking parallelism between 
the four drifts of North j\niencap Just noted, and the series of drifts 
in Europe. In the Alps two very old drifts are present^ which in 
respect to weathering and erosion are similar to the two old drifts of 
this country* There are two markedly j'ounger drifts, differing from 
each otlier in weathering and erosion about as our Illinoian and Wis¬ 
consin drifts and showing similar preservation of moraines and other 
glacial features. Jn northern Europe two old drifts are present 
which bear similar evidence of age to the two old drifts of the AI^h 
and of North America. There are also two younger drifts in which 
moraines and other glacial tojjQgraphic features are as well defined 
as in otir Illinoian and Wisconsin drifts. Tiie main loess deposits 
in both districts are also between the third and fourth drifts, as they 
are here between the Illinoian and Wisconsin drifts. In the classb 
Beat ion of northern European glacial formatiotis given by James 
Geikie, six glacial stages are presented^ but the last two now ap^^ear 
to be only the later phases or substages of the Jast glacial stage. The 
conditions are similar in the last or Wisconsin stage in America. 
This is divisible into early, middle^ and late Wisconsin substages. 
It is not thought that these are separated by warm climate substages, 
such as separate the four glacial stages. They are regarded merely 
as times of marked readvance of the ice liorder, following times of 
considerable recession. 

We now turn from the consideration of these four drifts of de¬ 
clared tv'pe and age, concerning which there is general unanimity of 
opinion, to one which has been a subject of dispute and disagreement 
almost from the time it w-as differentiated. We refer to the low-an 
drift of northeastern low^a and its probable correlatives. The low-an 
drift was differentiated from the underlying Kansan drift by Samuel 
Calvin and his associates on the Iowa Geological Survey in the 
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and descriptions of it appear In county reijorts of that Survey, It is 
represented to be a relatively thin deposit blanketing the eroded and 
weathered Kansan, but of insufficient thickness to conceal the erosion 
features of that drift. The main drainage tines on the Iowan drift 
are thought to follow the courses that had been develoiied by drain¬ 
age on the Kansan drift. It is represented to liave a decidedly 
fresher aspect than the Kansan drift, and to show remarkably little 
leaching, the expression “ calcareou-s to the grass roots ” iieing used 
to indicate this feature. The Iowan drift thus stands as the third 
drift of the western part of the glaciated district, as the Illinoian 
does for the eastern part. But it has not been correlated with the 
Illinoian by the persons who differentiated it from the Kansan. In¬ 
stead it has been given a dose connection with the main loess deposit, 
and separated from the Illinoian by the Sanjpimon interglacial stage. 
The Iowan drift and loess have also liccn regarded by these students 
as of pre-W'isconsin age, for as indicated above the loess underlies 
the outer moraine of the Wisconsin drift in Illinois, It has also 
been found beneath the Wisconsin in central Iowa. If it is granted 
that the Iowan drift stands for a glacial stage between the Illinoian 
and Wisconsin stages, there were fi-ve glacial stages in America. The 
Iowan drift also as commonly interpreted was laid down in very 
dose juxtaposition with the loess. This interpretation carries with 
it the implication that the loess pertains to a glacial stage, though its 
fauna seems to show a temperate climate during its deposition. 

It w-as the prevalent opinion at tlie time the Iowan drift was dif¬ 
ferent tated. that the main loess deposit w'as laid down in water lanes 
between tongue.s of ice. as graphically pictured by McGee in his 
classic |}apcr on northeastern towa in the Eleventh Annual Rcjxirt 
of tlie U. S. Geological Surrey. .As a consequence the Iowan drift 
was made to occupy the tracts where loess is thin or wanting and not 
present where the loess is thick, TTiis mapping is novr known to he 
incorrect, and the real limits of the Iowan drift are yet to be deter¬ 
mined. The loess is now inteqireted on good grounds to he a wind 
deposit, and not a glacial outwash. It carries land fossils of tem¬ 
perate climate species, which seem inconsistent with the reference of 
the loess to a glacial stage. While the view held in the 1890’s made 
tlfc loess a full correlative of the Iowan drift, Calvin in his latest 
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writings made k a clos« successor, laid down as the Iowan ice was 
melting. This view is adopted by Alden and Leighton in a special 
report on the Iowan drift in the 1915 Anniial Report of the Iowa 
Geological Survey. The pertinence of this view is now in question. 
The Iowan drift carries features suggesting that it was deposited long 
before the time of the main loess deposition. 

in the lownn area the till has but little surface exposure, being 
generallv covered by 2 to 4 feet of wind-deposited loamy matertaJ. 
Because of this covering bnt little was known of the character of the 
till surface until recent extensive grading of highways gave oppor¬ 
tunity to study it. It had been noted by the present w^ritcr, and also 
by Alden and Leighton, that a pebbly concentrate is in places present 
beneath the surface loam indicating erosion of the till before the 
deposition of the loam. But it was not realised that this is the com¬ 
mon condition of the till surface. A trip ov'er the Iowan area in 
1925, in company wnth Stale Geologist Kay and others, was taken by 
the w'riter lack and forth over several newly graded highways, and 
we found that the concentrate is conspicuous on nearly every hillside 
slope. The pebbles are scattered over the crown of ihe ridges, but 
more abundant as one passes down the slope. Judging from the few 
coarse stones embedded in the till, il vvas the writer s impression tliat 
this concentrate represents several feel of erosion. Alden and 
Leighton, in the report above cited, have suggested that this con¬ 
centrate is mainly a product of w'itid action, and tliat it was more 
rapidly developed than by ordinary slope wash. On this point, how¬ 
ever, tliev bring no supporting evidence^ The stronger development 
on the lower part of the slopes chan on the crown of the ridges is in 
keeping with development by slope wash. The wind action should 
have the greatest effect on the most exposed part, near the crown of 
the ridge. It is alsci a question whether wind action w^ould develop 
such a concentrate as rapidly as slope wash under conditions of 
climate such as this region has experienced, TIow varied these con¬ 
ditions have been is a matter on which further light is needed. 

The possibility that this concentrate is on Kansan drift instead of 
Iowan was given due consideration in the field and decided in the 
negative. The drift under the concentrate presents the moderately 
w'eathered aspect of the Iowan, and lacks the deep weathering clur- 
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actenstic of the Kansan drift. As a result of this trip the writer was 
more fully convinced than before of the presence of a definite sheet 
of post-Kansau drift in the type area of the Iowan, though there 
seem to be areas of considerable c-Ktent in which it is wanting, or 
represented only by scattered boulders. The drift where aggregated 
in hanies or gravelly knoHs may reach a thickness of 50 to 75 feet, 
but in the plain areas vrhere it is composed of clayey till it rarely 
exceeds 20 feet. The Kansan gtimbotil beneath it was noted in a 
numlwr of places. 

The Iowan drift seems to become thinner and more patchy in 
passing northward into the northern tier of counties in Iowa and in 
the neighboring part of Minnesota. In a distance of 20 miles in the 
southern townships of Mower County, Minn., neither the writer nor 
any member of the part>' in the trip in 19.35 was able to find a single 
exposure of Iowan drift, unless it is represented by a few boulders 
scattered owr the Kan^n drift surface. But there are strips of 
gravelly drift in southern Minnesota in which material fresh enough 
to he classed as Iowan is present. Other gravels show complete 
leaching to a depth of several feet. The Ic^cal interpretation seems 
to be that two drifts of widely different age are each represented by 
gravel deposits, and the younger is tentatively referred to the Iowan. 
A similar dwindling of the Iltinoian drift sheet was noted the past 
season in studies on the east side of the Scioto blie in Ohio, From 
the latitude of Columbus northward the Illinoian drift is reduced to 
scattered boulders and occasional small patches of till, but to the 
south of this latitude it gradually increases in amount and becomes 
a heavy deptosit near the southern end of the lobe. The deficiency 
in the northern part of the lobe seems referable to inactivitj' of the 
ice sheet both in Ohio and in Minnesota. That part may have re* 
ceived less nourishment than piarts to the south. 

Aside from the type area, there appears to be Iowan drift ex¬ 
posed west of the Des Moines lobe of Wisconsin drift in north¬ 
western Iowa and neighboring parts of M innesota and South Dakota. 
It probably underlies the Wisconsin drift in the Des Moines lobe 
between the two areas of exposure, but as yet it has not been noted. 
This western area has a definite moraine, in places 20 to 25 feet high, 
aldng much of its border for a distance of 200 miles, from Florence, 
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S. Dak., to Odebolt, la. Both at the north and the south it glasses 
under the Wisconsin drift. There is also a conspicuous amount of 
outwash sand and gravel along the border, and gravelly knolls are 
not infretfuent in the moraine. These features seem tq indicate con¬ 
siderable activity ol ice movement and drainage. This is perhaps due 
to a nourishment by winds from the west, which on rising to the ice 
lolje became cooled and precipitated their moisture as snow. 

Inside the terminal moraine this drift seems to be very scant>% so 
much so that certain members of the Iowa Geological Surv^ey have 
expressed doubt qf a post-Kansan ice invasion in this district. Over 
wide areas the post-Kansau erosion features show but little modi- 
hcation by this later ice invasion. Here and there a few knolls have 
been dumped in the post^Kansan valleys* but the valleys are generally 
not noticeably obstructed by the later drift. This drift wtis included 
in the Wisconsin by l^verett and Sardesoti in their report in Bul¬ 
letin 14 of the Minnesota Geological Survey. But later studies by 
Leverett brought out evidence of deeper weathering than seems con¬ 
sistent with Wisconsin age. The low^ portion of this drift carries 
a coating of loess which seems to have antedated the Wisconsin ice 
invasion. The loess is several feet thick in Iowa but becomes re¬ 
duced to only two or three feet in ^[innesota and does not form so 
continuous a coating as to the south. Exposures along the outer 
moraine near Sheldon show an older loess beneath the post-Kansan 
drift, w^hich is tentatively referred to the Loveland clay* widely ex¬ 
posed in southwestern Iowa and neighboring parts of ilissouri and 
Nebraska. 

The present writer interpreted a thin drift in northwrestem Illi¬ 
nois to be lowm and described it under this name in Monograph 
U. S. Gcologiral Surs^ey, puhllshed in JS99. But later studies have 
led him to interpret jiart of it as of early Wisconsin age. A similar 
view has been expressed by Leighton, though the limits he places 
differ somewhat from those qf the writer. The occurrence of a drift 
in that district referable to a gkdal stage between the Illinoian and 
the \Visconsin is now considered by the writer as improbable. The 
drift to which the name Iowan is thus restricted lies wholly within 
the limits of w^hat lias been termed the Keewatin field of glaciation. 

Some explanation seems necessary as to the significance teP be 
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attached to the terms Labrador, Patrkiafi. and Keewatin, a^i appHed 
to parts of the Laurentidc area of glaciation. In some of the dis- 
oisisions of these jjarts the idea ^enis to be presented that each dis¬ 
trict furnished an indeijcndent held of ice accumulation and radia^ 
tson. While it is possible that in the closiug part of the ice retreat 
there may have been sei^arate dispersion areas in these districts, and 
while similar conditions may liave affected the early stages of genera¬ 
tion of the great ice cap, there is substantial eridence of a confluence 
at the culmination of the glacial stages, with a confluent held of con-^ 
trol of the direction of ice movement. The writer's studies in the 
north-central states have shown dearly that the ice sheet In the Wis¬ 
consin stage of glaciation nvide a great growth westw-ard from the 
Labrador peninsula and had a late culmination in the western part of 
the Laurentide area. This supports an early view of Giamberlin, 
brought out in the controversy as to the cause of the Driflless Area, 
that arose in the iSyo^s, for he regarded the Dakota lobe and the Des 
Moines lobe as roundabout derivatives from the common ice mass 
north of the Great Lakes. It is now^ knowm that in the early part of 
the Wisconsin glacial stage there was a southwestward ice movement 
from the Labrador peninsula as far as central Illinois, and this fornted 
the early Wisconsin moraines. In the middle part of the Wisconsin 
stage there w-as a southwrard ice movement from the Patrician dis- 
trict south of Hudson Bay across the Great Lakes basins. There 
was at that time an extensive southwest movement from the Suijerior 
|)asin that deposited the red drift of eastern Minnesota. Following 
this the strong flow^ from the Kecw^tin district of central Canada 
brought in the gray limestone-bearing drift that overlies the red drift 
of eastern Minnesota, The culmination of the movement into the 
Dakotas and Iowa appears to date from this late part of tiie Wis- 
constn stage. At this time the ice from the Labrador peninsula 
liarelv filled the Ontario, Huron, and Sui>erior basins, and was forni- 
ing the Port Huron morainic system. The Labrador part thus had 
a shrinkage to be measured in hundreds of miles. But the shrink¬ 
age of this part seems to lave been due to lack of snowfall rather 
than to an amelioration of the climate. It is thought that the western 
districts vi'cre being nourished at the expense of the eastern, as the 
ice'^sheet expanded in the west. The time required for the expansion 
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above outlined must involve some thousands of years, and it has l]een 
foutid that the early Wisconsin moraines are perceptibly older than 
the late Wisconsin p as shown by the toning down of the stir (ace con¬ 
tours and degree of weatheiing'. 

It now becomes of interest to inquire into the method of growth 
of the lllinoian ice sheet, and see whether it was similar to that of 
the Wisconsin* In this stage w^e find that the earliest movement w-as 
southw'estward from the Labrador peninsula to the full limits of the 
lllinoian drift in wnestem Illinois and southeastern Iowa* and that its 
limits are roughly concentric with those of the early Wisconsin drift. 
It appears also that this Wi’as succeeded by a southward movement 
through the Lake Michigan basin that extended over much of eastern 
Illinois and western Indiana, and whose western limits are found in 
the system of morainic ridges bordering the Kaskaskia Valley, This 
movement seems to mark a middle Jlltnoianp to corresixmd to the 
middle Wisconsin movement. Ii seems but natural that wrestward 
growth such as w^e know* affected the Wisconsin ice sheet should also 
Itave occurred in the lllinoian stage and given the ice movement into 
low^ that brought in the Iowan drift. 

The lack of gumhotil on the low^an drift has been cited by Kay, 
and also by Leighton, in conferences with the w*riter, as an evidence 
That it is not to lie correlated with the lllinoian drift, on w'hich some 
gumhotil has been developed. The point would be stronger if the 
gumbctil w^ere not so largely dependent upon summit flats, and if the 
Iowan Itad not inherited good drainage slopest which* as above noted, 
have favored the development of a conspicuous pebbly concentrate. 
In northeastern Iowa a slope tow^ard the Mississippi favored rapid 
erosion both in the Kansan and in the Iowan, while in northwestern 
Iowa and southwestern Minnesota an equally well defined general 
slope toward the Big Sioux and the ^fissouri valleys is found. In 
that district the gumtiotil is wanting on the Kansan as W'ell as on the 
Iowan drift. 

In view of all the features of the low-an drift, taken in connection 
with the fact that it stands as the third drift of the western dtslricl, 
as the lllinoian does of the eastern* and tltat each district has but 
four drifts, the waiter raises the question whether there really were 
more than four Pleistocene glacial stage-s in Xorth America, tr 
& 
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whether the Iowan drift should be regarded as a late phase of the 
third glacial stage. Features of the Iowan drift and its relation to 
the loess seem to demand further critical field study. 

It remains to say a few words concerning the studies now in 
progress which look toward a better unclerstanding of the eastern 
equivalents of the w-estern series of drifts in this country', and espe¬ 
cially the equivalents of the first and second drifts. Reference has 
already been made to the Jersev'Sn drift of the Atlantic coast as a 
proltable equivalent of the oldest drift of the western field. A wry 
old drift, which is tentatively correlated with the Jerseyan, has been 
noted at various places beneath the lIHnoian drift as far southwest 
as southern Illinois, and outside the limits of the Illinoian drift in 
southeastern Missouri. It is so old tliat the clay has become kaolin- 
ized to a marked degree. This drift appears to be represented in a 
wry deeply weathered drift beneath the Illinoian drift at Covington, 
Ky., which was first noted by Chamberlin and Salisbury some 40 
years ago as a drift of great age. Scattered erratics, including 
boulders of large size, have recently been found in eastern Kentucky, 
at distances of 30 to 40 miles outside the well-defined till deposits and 
up 10 altitudes that seem difficult to bring them within the reach of 
ponded waters such as are known to have occupied parts of the dis¬ 
trict in which they occur. These may prove to be of early glacial 
age, and be all that is left of whatever drift was laid down. Their 
derivation, as determined by members of the Canadian Geological 
Survey, seems to have been from the vdeinity of Ottawa, The 
erratics found in the old drift in southeastern Missouri include 
Huronian quartzites from east of the Superior l«sin. In both cases 
they seem to show a southwestw-ard movement from the direction of 
the Labrador peninsula, similar to the early Illinuian and the early 
Wisconsin movemenls. and of similar extent to the Illinoian move¬ 
ment. 

There is an old drift exposed in northwestern Pennsylvania which 
has a more advanced degree of weathering and greater erosion than 
the Illinoian drift, but w^hether it is a correlative of the Jerseyan 
drift remains to Ik determined. The writer plans to make a careful 
study of this drift and of the Jerseyan the coming field season, with 
a view to clearing up their rebtive ages. In studies pursued in the 
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iy90"s the writer to think that the degree of preserv^ation 

favored Kansan rather than Jer£e)'iin but the Jerse^'an wa^ not 
carefuliy studied by him at that rime and the inference may prove in¬ 
correct. There are outlying boulders in ^'estem Pennsylvania, in 
the vicinit>' of Pittsburgh, that may prove to be Jerseyan^ if the 
better dehtied sheet of drift farther north is not 

Data on ice movements furnished by the distriburion of copper 
and copper-bearing rocks in the drift indicate that at some time prior 
to ihe lUinoian glacial stage there was a southward movement from 
the Superior basin through the Huron basin into central Ohio. This 
is so out of harmony with the early southwestward movement into 
southeastern Missouri, as welE as with the lllinotan! ice inovementj as 
to suggest a different glacial stage; presumably the Kansan stage. 
Such an interpretation will be strengthened if the old drift of nortli- 
western Pennsyh’ania proves to be of Kansan age. 

The lllinoian drift is exposed outside the Wisconsin from central 
Ohio westw'ard, but to the east rt may have been completely over¬ 
ridden by the later joe movement. It is thought by Fuller to be rep¬ 
resented in the deposits on Long Island and it may have a slight ex¬ 
posure in New Jersey, imniediately outside the Wisconsin drift. Tlie 
drift w^s reported by Salisbury^ to have a less aged appearance there 
than to the south. This matter will be given attention the coming 
6e]d season. Search will also be made for exposures of lllinoian 
drift in Pennsylvania. Its limits in eastern Ohio can not be far 
inside the border of the Wisconsin drift, for gravel trains from it 
are found along the lalleys of eastern Ohio and along the Ohio below^ 
the mouth of Beaver River. 

Summing up the evidence from the eastern district, it appears 
that the first and second drifts have only scanty exposure outside the 
limits of the later drifts, compared wkh the exposure of the Kansan 
in the western district. One drift, thought to be the Jerseyan, has 
a similar extent to the llhtioian drift and it is referable to a stmtlar 
direction of ice movement. The Kansan ntay be exposed In north¬ 
western Pennsyh'ania, hut elsewhere in this eastern district It seems 
to lie completely covered by later drifts. It may have been brought 
into this district from the north by an ice movement that is out of 
harmony widi the movement in the three other glacial stages, w'hfch 
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s«tns to have been from the northeast. Finally, the limits of the 
Illinoian drift, from central Ohio eastward, may be not greatly dif¬ 
ferent from those of the Wisconsin, 

A suggestion as to the cause for the much greater extension of 
the ice sheet in the western district in the first and second stages than 
in the later ones is here offered, though it is recognited to be difficult 
to demonstrate. It probably depended upon a better relation to 
moisture-laden winds. If the Cordilleran ranges stood relatively 
low in early Pleistocene time, as seems probable, the ice sheet may 
have been more bountifully nourished by the moist winds from the 
Pacific than in the late PleistKene. and thus have liad the greater 
extension in these stages. 

—A rcccni extfctnely valuable book by Prof. A. P. Coleman, en¬ 
titled "Ire Ages, Recent and Ancient," which deals with each of the Beveral 
glacial periods, as far back as the Huronian. contains a few statements con¬ 
cerning the relation of the Keewatin and Labrador parts of the Laurentide 
ice sheet which are not in barmony with the interpretations given in this paper. 
Thus, on p. i6, Coleman says: “ The Labrador ice sheet probably began later 
than the Keewatin ice sheet, but was in existence when the latter reached iis 
maximum dimensions and then coalesced with it," But nO' supporting evi- 
dmee is pnsetited by Coleman, and the present writer knows of nothing that 
will bring support to this view. In fact, all the evidence seems to support 
the view that the Labrador ice sheet was the first to become prominent. 


THE PRESENT CONDITION OF KNOWLEDGE ON THE 
COMPOSITION OF METEORITES. 


Bv GEORGE P. MERRJLL 
Af>ril ^4, 

For a number of years the writer has been devoting a portion of 
his rime to the study of meteorites witli reference to their composi^ 
tion, both mineralogical and chemical and their structure. In ail 
cases especial attention has been devoted to the presence—or absence 
—of sundry elements heretofore reported, and to such structural 
peculiarities as may be ascribed to secondary causes. The results 
here given relate mainly to composition and are not wholly my own^ 
but in the brief time at my disposal I shall not attempt to discriminate. 

It is now but little over loo years since the German, E. F. F. 
Oiladni^ placed the study of meteorites on a truly scienrihc basis, by 
establishing beyond question their ultra terrestrial origin. Since his 
time chemists and mineralogists have made abundant contributions 
to the problem^ and produced a by no means inconsiderable literature. 
As may lie readily comprehended by any who have kept track of the 
advances in the sciences—^particularly in chemistry and mineralogy'— 
the early analyses and mineral determinations were poor. Analyti¬ 
cal methods were imperfect and chemicals were by no means in a 
condition of desirable purity. Indeed, it not until the introduc¬ 
tion of the microscope—until the modem method of micro-petrology 
w-as developed—that satisfactory results were achieved. One great 
drawback, even since this introduction, is the tendency on the part 
of the collectors to hold the material so precious that not enough can 
be made available for study. Meteorites, in order to gratify these 
collectors, have been divided and subdivided until often no one col- 
^ lection holds enough for full and satisfactory investigation. It w*as 
the at>surdity of the situation thus stated, that led me to formulate 
the following as si^gestive of my feelings: / wmdd rat/rcr Jjfurr 
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d thhtg^ aud wh43i I hav& not thati (o Iiav^ it and not kn&w udtai 
/ hirue. Afialyses have been pubU&bed which were made on Ies5 than 
a ^am df niaterial and with no assurance that this was representa¬ 
tive. As will be noted later, in going through the entire literature 1 
was able to find only about lOO analyses of me leone stones which 
were sufficiently accurate and complete to ^i-arrant their utilization 
in the tables I shall show*. 

Very early in my studies I was struck by the fact that while the 
meteoric stone belongs to a very- basic group of rocks—mainly peri- 
doittes, with a few- pyroxcnites and sorne that might be classed as 
basalts—reported analyses showed frequently the presence of ele¬ 
ments that had never been reported from this class of terrestrial 
rocks and which Irom w hat as known of mineral association one would 
scarcely expect. It was then -with a view of settling this doubtful 
question that my first in^^estigations were undertaken. Whenever it 
was possible samples were obtained from the identical stones in which 
these doubtful elements w^ere rejiorted, as w^ell as from others which 
had never before been analyzed. Thin sections w-ere cut and studied 
and particular pains taken to select for the chemical analy^s ma¬ 
terial that represented each mass as a wdiole. The analyses were 
made with greatest care by the best and most experienced man avail¬ 
able* and inasmuch as this branch of the w-ork was not my ow-n T 
think 1 may truthfully say they are among the best that were ever 
made and materials w^ere selected with discrimination. 

So much in the w-ay of explanation. The elements that have thus 
far been found in meteorites, so far as determined, are as foUow's: 


Aluminium 

Iridium 

Potassium 

Argon 

Iron 

Radium 

Calcium 

Magnesium 

Ruthenium 

Carbon 

Manganese 

Silicon 

Chlorine 

Nickel 

Sodium 

Chromium 

Nitrogen 

Sulphur 

Cobah 

Oxygen 

Titanium 

Copper 

Palladium 

Vanadium 

Helium 

Phosphorus 


Hydrogen 

Platinum 



1 Pr. J. Edw, Vh^ltlield of PhiEaddphia. 
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The elements considered douhtiuJ which had been reported on 
one or more occasions were as below: Antimony, lithium, arseniCp tin, 
gold, zinc and lead. Other elements looked for and not found were. 
bariiimp strontiump Ruorine and iirconmm. Tests for these were 
made with the greatest care and in no instance was a single analysis 
accepted as sufficient. Moreover, the amount of material utilized 
was sufficient to give one confidence in its truly representative nature. 

^Vhile searching for these doubtful elements attention was also 
directed to the possible discovery of others and a conBnnation of the 
reported occurrence of other rare elements. The results fully conr 
fimted the presence in traces of copperp vanadium, platinump iridiump 
palladium and ruthenium^ the last named being reported for the first 
time. Platinum and the allied metals it should be stated were re¬ 
ported as occurring in traces only. 

Although the elemental composition of meteorites is in essential 
agreement with that of allied terrestrial rocks the mode of comhina- 
don of these elements is in many cases nrtaricedly different> a differ¬ 
ence which can be accounted for only as due to a deficient}^ in oxygen 
in the medium in which they were formed. The foilowdng is a list 
of those minerals characteristic of meteorites which are also found 
in terrestrial rocks ■ Oiivitw: the orthorhombic pyroxenes 
broHSitc or hypersfhene; the monoclinic pyroxenes dwpsid^ and 
the plagioclase feldspars duorthii^, or 

the phosphate upatkc; the oxides dtromkc and quarts; 

the sulphide pyrrhotke; rarely the carbonate br^unneritCf and vrarious^ 
forms of carbon including gft^phUc and The followring 

are found only in meteorites: the nickel-iron alloys kamariiCj IccjiiVc, 
and plessitc; the nickel and iron phosphide schreiberske; the iron 
monosulphide tr&kkc; the iron and chromium sulphide daubrecliic, 
the iron protochloride h^TCucitc; the calcium and titanium or zir¬ 
conium oxysulphide osbankte the calcium-sodium phosphate uicr- 
rillke; the iron and nickel carbide co/icuiVc; the carbon siUcide tnais- 
sankc (doubtful ); an isotropic mineral believed to be a re-fused 
plagioclase and called nwskelytuic; and a fond of siheap 

Conceming the minerals mentioned it may be satd that asmanite 
is a form of sili^ probably identical with tridymite; breunneritCp a 
feirifeTOUS carbonate of magnesia lias been reported in but a sfhgle 
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meteorite, that a highly carbonaceous stone which fell in 1S64 in 
OrgueiJp France. The probable original nature of this needs verifi“ 
cation in my opinion. Cartson occurs in the amorphous form and 
crystallized as graphite and in microscopic form as diamond; cohenite 
a carbide of iron and nickel is a common constituent of meteoric 
irons: daubreelite, a sulphide of iron and chromium, though fre¬ 
quently reported is less common. Of the f eldspars, menticm need be 
here made only of the isotropic variety, maskelynite. Lawrencitep 
the bcte notr of collectors, is an iron chloride so susceptible to oxida¬ 
tion that when present in quantity' it may result in the complete de- 
stmction of the meteorite if an iron, or hopelessly obscure struc¬ 
tures, if a stone. Merrillite is a phosp^te of calcium and sodiump 
the discovery of which was one of the results of the w^ork I am here 
recording. The metallic constituents, as is well known, are alloys of 
iron and nickel knowm by the names of kamacite, tienite and plessite. 
The metal is of interest, being soft and malleable when cold and 
having the general properties, of a wrought iroup an iron, pro¬ 
duced by smelting at low teiniicratures. It is of further interest in 
that it undergoes a granulation on heating at a temperature of bright 
redness. On complete fusion and recry^stallizatiooT in the case of an 
octahedral iron, St assumes more the character of ordinary cast iron. 
It is, I believe^ a product of reduction of the chloride, presumably in 
an atmosphere of hydrogen. QJdhamite. tlve calcium sulphide has 
been reported in but few instances, but this, probably on account of 
its ready oxidation, passing over into the hydrous form gypsum. 
Schreibersite, the iron phospliide is an almost invariable constituent 
of nieteork irons as is also troilite a mono-sulphide of iron, a form 
usually regarded as an end member of the iJyrrhotite series of iron 
sulpliiir compounds. Of the remaining minerals, silicates and oxideSp 
all are characteristic of terrestrial rocks and may be passed owr 
here. A w'ord should however be said regarding the gases in meteor¬ 
ites the determinations of which, by various workers.® are given in 
the following table# 


-Sec R. T, Chamberlin. “The Gases in Rocks."" C^megle I^s^.^ igc8. 
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Gases iJf 


Mclrorttr, 

HiS. 

CO*. 

CO. 

CH*. 

Ha. 


TataJ. 

AaaJ^'vt. 

C^ii^rELwyr Oliia. .... 


i.So 

0.13 

0,0^ 

4,95 

4,95 

3,99 

Wright 

FultugJc, Paland..^ . . . 

u,. ....... . 

J.06 


. Q« ' 

57 

.94 

T.75 ' 

hi 

ParIndia _ _ _ 


2, III 

jOJ. 

.44 i 

.36 

,44 

3.6 j ! 

hi 

We*tort. Cniitt, ....,, 


3^83 

.oS 

.04 

.44 

j 48 

3-49 

hi 

[cn^ii CcsiF Iowa 


,88 

,05 

L>4S 

.12 

3.SO 1 

“ 

■Cotd RolceevE'ld 


33.49 


,82 

«ia 

.31 

25.33 

- 

Otiuriosala, India.... 

......... 

1.59 

,03 

AO 

,77 

.43 

3.51 ; 

Dewar 

PiiHujL, FolaJid., ... 

......... 

2.34 


.37 


,09 

3-54 

hP 

Mcca . ... 


l.aj 

.*7 

.49 

45 

.07 

no4 

PI 




OnueLI . . . 

(4& 03) 

7.40 

i«l4 

.8? 

. 

.53 

57-87 

hi 

AdcRan* Micb. ...... 

u. 

.31 

.19 

.DI 

.oS 

Lr. 

^49 

CliaEciberlln 

Estacada........... 

tr. 

,34 

-as 


31 

.41 

.84 

li 

Average qC [3 









se5,,,, ,, 

4.00 

3.77 

,34 

.30 

.50 

-09 

8.30 



Gases Meteorites. 


McteoriLe. 

HifS. 

;CCH. 

CO. 

CH^ 

Hi, 

j Ni- 

Totai. 

Anal>'at. 

Lenajto, ^ . 

^ * m 1 m, m M m 1 

0.13 

4.40 

L X ..1 

3.44 

4.28 

2,85 

Graham 

Au£U:«ta Co,. Va,-,., 

i-i- ^ * P ^ - 

.31 

[. 3 X 

p ‘r 4 + - 

1.14 

.51 

3.17 

Mallrt 

Taicvi^elll Co., Tenn.. 


.416 

1 . 3 ? 


[ js 

. 4 S 

3.17 

Wright 

^hinglr SprinEB. CaK, . 


■15 

.12 

I. 

.67 

95 

■97 


CiX>S 3 Ti mh^in, Tm 


.11 

■ 19 


>99 


1.29 


Dickson Cd.+ Tei:... .. 


.39 

,34 


! 1.57 


3.20 


Arva. Hungary”. .... 


5^93 

Ji-pi 


8.57 

h 73 

47^13 


Cranbeuroe. Aurt-,. - 


.04 

1 .T 3 

0.16 

£.43 

,63 

3^59 

Flight 

RowTOfl. ShropB^itfe- . 

. , T - .......1' 

^3 

^7 

, ,, “• - 

4.96 

.43 

6,38 


Toluca. Mmica ..... 

tr. 

.12 

1.33 

.04 

-77 

1.14 

1.85 

Chamberlin 

A'i'vraRC'.. ............ 


.78 

3.80 

,02 

3,j6 


7.36 


Average oDiittiag 







Arva iibeN^oritB'. - . . 

......... 

. 3 E 

.67 

.43 

1.67 

.74 

a 83 



The high content of sulphur tJioxide iti the Orgeuil stone and that 
of carbon dio.xide in Arva iron are considered abnormal and are 
omitted in making the averages. 

Rad turn .—Sundry attempts at the determination of the radio¬ 
active properties of meteorites have been made by use of photo- 
g^phic plates, but with results by no means satisfactory'. Strutt,* 
working by what is known as the Emanation method, was the first to 
demonstrate its presence in determinable quantity in the stone of 
Dhunnsala, Later Messrs, T* T. Quirke and L. FinkeLtein ^ ex- 

^Pr0£. Rpy. Sif£., VoL 77^ March, p. * 

^ Atni^r. Sti., Vol, 44 ifliJn PP- 237 -^- 
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amiited a considerable number of stones and irons and have shown 
that “ the average stony meteorite is considerably less radio-active 
than the average igneous rock, probably less than one-Iourtli as 
radio-active as an average granite, and that the metallic meteorites 
are almost free from radio-activity,”* 

As is well known meteorites are roughly classed as: (I,) Sider- 
ites or iron meteorites, (II.) siderolitci! or stony iron meteorites and 
(TIL) aerolites or stony meteorites. There are transitional forms 
but we will not enter into the matter of classification here. The 
a\'erage composition of the all-metal forms as selected by Farring¬ 
ton * from av'ailable analyses is in the following table: 

Ave^ac;e OF Iitosf 


Tw tfrUL 

Fc . .. .. .... . 90-^5 

Ki -,r 4 ..+ &.SJ 

Co ... .... 0.59 

P ...... .. - 0.17 

S ... .. .. .. 0X14 

C ...... .. . 003 

Cu ....... 0XJ2 

Cr ..... .. 0^01 


Total ..... . . . . 


This need^ no coniment oltier than that the presence of the elements 
mentioned as occurring; in traces, would doubtless appear in this 
analysis had they been Icxiked for with sufficient care. 

The average composition of the stony irons is a difficull matter 
to decide inasmuch as they present great variab^l^t>^ That of the 
variety pallasite as given by Tschenvinsky is shown in the following 
table. These figures 1 should stale are not the result of direct 
analysis, but derived through an elaborate series of weights and 
measurements/ 

* [it^miich as tncJccrites are looked upoti a* reprcscrtiaiive ef ihe cla&s of 
rocks constituliTig the earth’s mterlor it would seem that this U an importaiit 
matter for consideradon by thaw who lay so sreat stress upon radio-activily^ 
in Connection wiih certain Reological problems. 

* Field Museum Natural History publkalmn, ^^o. igii. 

^ The proportional amounts of olivine and mt^ta1 were detennined ajid 
from tJieif known percentage composition these lijniTcs were obtained by 
C^ilculaliotL 
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SiO, 
FrO 
MgO 
Ft .. 
Ni * + 
Co .. 


AXTUtACE Con POSITION 0? PAI-LAS JTf:S, 


3 Oj 0 S 

743 

33,41 

4333 

49 i 

OJJ 7 


9942 

The average mineral composition h given as olisine 51.06 per cent., 
nickel-iron 4S-94 per cent. In both of the cases it is obvious the 
rarer constituents ^-ere not iooked Ion 


A^-erage CoMTOsmo^r of (L) Stony Meteoiutes, (II.) Terrestrial 
pERiTKjrrrTEs, (IlL) R^ks or the Earth's Crust. 




SESJea (SdOi) .. 

Titank: oxide (TiO^^ ........... 

Tin oxidfr (Sn(^ .............. 

2ircaiiiu!i] ........ 

Alumina (AltOi) 

Ferric iwSdc (FeiO») -- 

CtuamEc tixidr (CrtQi) .. i — 
V'attadiiym ncmide (VtOi) 

Mnciallic iron (Fc) ... 

Metallk: nickel (Ni) ........... 

Metallic cobalt <Cc) .......... 

FcTTom oxide (FeO).. +. ^..... 

Nickel (BElde fNiO), , 

Cobalt oxide (CoO) 

Lime (CaO) 

Barium ewide (BaO) --...... 

MaeocfEa (MrO) .. 

Maoxaooua oxide (MnOj ...... 

Slrontium oxide (SfO), .,.,.... 

SoHja tN4uO) ___ 

Potash (KtO) ... 

Liihii(LtfO),...,,.... . 

lEnition (HiO)^ ....... 

Phosphoric acid (PfOi>. .... 

Snlphur ^ ^ ^ ^*- 

Copper (Cu), ^ ^. 
Carbon (O,., 

Chlnrine (Cl),. __ 

JFluorinr CF) 

CarbookacSd tC6i>... .. 


III. 


55-03 

.^4 


.03 

J 4 - 9 T 

2.5a 

.0? 


I. 


jS.flS 

.[S 

None 

None 

a.Si 


47 

TtMb 

I.IS 

.07 

14.J8 

.48 

2.42 

Nose 

Notue 

.87 

.71 

Trace 

■7S 

. 7 d 

1.80 

.014 

■IS 

.08 

None 

(?> 


100.044 


II, 


37.78 

0.58 


3 rii 

5-41 

O.IQ 


1S.3O 

a.t 8 

3 - 0 * 

Viia 

d-31 

0,6A 

0 , 3 s 

3-79 

010 


0.75 


100.00 


3.42 

-03 

47a 

.IE 

3 . 8 ^ 

.10 

.04 

3-40 

3-99 

.OE 

t-94 

.7:6 

4 T 


,06 

,10 

,4$ 


too.oo 



In coniputing the average composttion of stony meteorites but 99 
analyses were at the time (1916) found sufficiently complete ahd 
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accurate to make them amiable. These >ielded the results shown iu 
Column L of the table on page i2i. In Column IL is shown the 
average composkion of terrestrial peridotites and in Column IIL the 
average composition of the rocks of the earth's crust as given hy 
Clarke.^ The most striking di fFerence it will be observed Ues in the 
relative amounts of silica^ alumina^ magnesia and iron. 

Some years ago at the suggestion of the late Doctor G- F. Becker, 
I tahulated these figures in elemental form according to the periodic 
law as shown in the table on page 122, I do not know that Becker 
made any use of my matcriaJ^ and I present it here without discus¬ 
sion as of only general interest. It will be noted that upwards of 
97 per cent, of the elements in meteoric stones occur in series 2, 3, 
and 4 and in groups 2p 4, 5, and 8 forming a striking contrast with 
those given in the similar table by Garke * showing the distribu¬ 
tion ul the terrestrial elements. 

In total knowrn weights tlte three classes of meteorites mentioned 
are as follows: Irons 168,975.57^ grams; stony irons 5.252,534 
grama; stones 9,012,199 grams: or roughly 93 per cent, by weight are 
metallic^ 2 per cent, are stony irons, and 5 per cent, stones. Below 
in Column I. is given the a^^rage composition of meteorites as calcu- 
lated by Farrington using the method of Garke in 


Composition or METtBuiTPS. 


Cisnidiumts. 

Fc Ni Co-.,-.,.... 

MgO ... 

FfO .. ... 

I. 

11. 

ij 6 o 

oM 

CaO .... ....+ . 


D.t 2 

SiO ..... 


S-ZS 

AbOi . .. 

...... 0.74 

0.E4 

All other eonstitacTits,. 


0-77 


toaoD 

IOOlOD 


The method though the best that had thus far been suggested is 
ackfiowledgedly defective in that it is an average of analyses made 

*'VData of GMchcmistn," U. Sr Ko. 401. 191 Kh p. 

“ Bull. 616, U- S- Geol. Sunfty, 191^ 

FkSd Museum Pubi icatiaUr Geok serks, No. ijl, lOit. 

” Bull U, S. CeoL Stiney, Nfl- A * 
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r«;gardless of the ptoportbnal amount of the various materials, I 
have thought therefore it might not i>e uninteresting to present the 
figures in Column II. representing the calculated composition of such 
a body as could be assumed to result from the combination of all 
known meteorites in the above relative portions in oite homogeneous 
mass. It is scarcely necessary to add that the enormous preponder¬ 
ance of metal over all other constituents is due to assumed greater 
resistance of metallic to stony forms and their arrival on the earth 
in larger masses, and that the actual average composition is probablv 
more nearly diat given by Farrington, It may be added that though 
some 30 , 000,000 meteors of sufficient siae to be evident alter night¬ 
fall as a shooting star enter our atmosphere daily, the average annual 
find of meteorites, as shown in the accompanying table is but four. 

Annual FAtJia of Meteoutks Since i88d.’* 


Yrii', 

Np. 

Ytir, 


ISSO ... 


ym .... 

. 6 

1881 ... 


w .*. 

3 

1882 .. 


1^ .. r. 


t88j . 


1906 _... 

. 2 

1S84 . 


1907. 


188 5 - . 


1908 _ _ _ _ ___ , , 

- 3 

im .. 


J909 ... 


ifiSj .. 

s 

mio ...... ... 


[ 8 S 3 .... 


191T .....+ , 

■■ t 

iflSt) . .. 

.K.. S 

191a ... 

■ ni 

3 

1890 ____ 


1913 . 


i8$i .. 


1914 ..... 


18^ .............._ 


1915^ 

■ j. 

s 

1893 

... 4 

i(h6.... 

s 

1894 .... 


. .. .— 

■ 5 

1895 ............- 


1918 ..................... 

2 

1396 ... 


1919 .. 

2 

I @!>7 .. 

... 6 

1920 

3 

t8^ . .. 


1921 ......... 

6 

1899 .. 


1922 .... 


1900 .. . . .. . + + 


1923 . . . 


1901 . . . . H * . , . . ^ * s + , ^ + 

*.. 3 

1924 --- 

2 

1902 

... 6 

1925 .... 

a 


The geographic distribution of all known falls and finds up to 1025 

is given in the accompanying tables: 

^*The table includes oitJy indubitable case? of the finding of meteorites 
wen to fall. 
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GED€ltAM 1 IC OlSIiiag-nOK of MotOftlTES IS NoJITH AMfilCA UP TO 1935. 


Alabama. .. . *. x x..... 

II 

AUi^ka. ,, x.H. x.x 

1 

ArtjKma, .. . 

7 

ArkitnHj ....... n k... 

a 

Calafwnia. ■ . 

7 

ColDrmdo. .. 

9 

Conn cctif Lit ... 

[ 

Florida . 

7 

Gearela. ,. 4 >. . . - x. . . 

IS 

Idaho, 4 * + ^ . 

i 

(ndiamL. . 

6 

[owa. ^ ■ 

. 4 

Kansu. ............. 

.ig 

Kentucky. ... 

I 6 

Main* ..... x + . x.... x, 

. 4 


Maryland .- . - 3 

MkriiSitan. ^. 

MtniKWlttr r ...... 

MtBficun ......... 

M antaiia ..«. .... 

.... 

NtfVftda. - - --- 

Ncvi- Jersty. .^... 

Nr* Mtseico. .» 

New York. 

NcH-th Carolifta ... 

Nortb Dakota, .«. 

Ohio ..... 

Oklahoina. 


Grrgon3 
Pifoiuylvania ......... % 

Soutb Carolina ....... S 

SoUtb Bakota . 3 

.... .1$ 
Tescaif. ........ L..... 34 

Utah .. 2 

Virginia. ,.... ^. x.. 10 

West Vlrgitila.. . . . x .. 3 
Wtsconsin ......... x. x 0 

Wyonaing .. t 

Canada. . li 

MfkEco. ... --- - -44 

Central Amcr.. -... 3 


Total. - .J 34 



Table Showing ApfUoxiiiate NuM&Ek. Kjsd, and Gbockafhic DlStaiBurioH 
OP Meteoktes up to 1935. 


Country, 

IrotU. 

StotteF. 

Stony IratM. 

Totalffn 

Nortb AmcrioL. 


102 

n 

3 M 

South Amcnca. . ..... - 


16 ' 

6 


EuroiJc *. . X ..... X ........ 

79 

22$ 

a 


Africa ..... + . x... x. x...... 

25 



SI 

Aufitialia f . . . ... x....... . 

33 

17 

s 

54 

1 Eidia . X + 4.44.4T,'. . .. 

3 

9 S 

2 

lOD 

Japan. . 

3 

13 


ES 

Siberia. --- ----- 

TQ 

$ 

3 

10 

All ctfher*. 

7 

17 

[ 

15 

Totals .. 

340 

5 *^ 

37 

ijOI 


* ]nc!iiding Great Britain and Ireland, 
t including New Zealand and Tasmania. 


xAll known nieteorites are composed of volcanic malenals. and 
none has shown any traces of animal or vegetable life, unless the 
carlxinaceous matter is to he so considered. This* howeverj is a 
wholly unnecessary^ and* indeed, unw^arranted assumption. Nothtug 
in the nature of a terrestrial sedimentary rocfc+ a sandstone* shale or 
limestone or a nietamorphic like a schist or gneiss* has yet, so far as 
known, come to us from space, nothing in content of silica, alumina, 
lime, Or alkalies corresponding to the gratiiR^^ nothing of the 
■ nature of a true vein. Further*, and this seems the more singular 
when theories of earth history are considered* nothing that can with 
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certaint)' be ascribed to ^ meteoric origin has been found in terrestrial 
beds of any geolc^ical horizon but the most recent/" If siich have 
fallen during earlier periods, they must have been of a quite different 
t>pe* Otp what is more probable, become so thoroughly decomposed 
or otherwise altered as to be unrecognizable. The meteoric origin 
of the socalled Tektites 1 regard as yet unproven and they are there¬ 
fore ignored for the present, 

ia This fact was bj Gibers nearly 90 years ago. Ward's statenient 

as to the PlEoccne age of the Lqian ntesosiderite seems contradicted by its 
having been found in **an undisturbed Quaiertiary formation." 


TEMPERATURE SEKSATIONS. 


Bv HEJ^RY C. BA 2 ETT 
{Rea^ Aprit JJ, 

Temperature sensations have been investigated for many years, 
but there are no records of actual measurements of the temperatures 
accompanying them in the tiasties. 

Wt have made such measurements of the temperatures in the skin, 
fat, and muscles, using thermo-couples made in needle form similar to 
those previously used by Lefevre and others, but have used them to 
determine the variations that accompany different sensations. 

The needles consist of a steel tube 0.35 nini. or more in diameter 
and with a central constantan core, and temperatures are read by 
deternurting the galvanometer deflection, using a standard couple at 
a temperature near to that being determined and calibrating empiric 
cally. A brass cover protects the needle from the air and allows the 
depth to be read. The error in reading the temperalure of the 
thermo-couple is small, but owing to the great differences in heat con¬ 
ductivity Ijetw^een the steel and the tissues the estimation of the tissue 
gradient has an error, W^en the needles are oblique so that the 
temperature change along the needle is small, this error Is negligible; 
btit if the needle is inserted vertically for only a short distance it 
may be considerable. Consequently measurements liave often been 
made using an oblique ncetlle and controlling the actual depth by 
x-raySp but at otlier times vertical needles Siave had to be used (where 
the depth can lie directly read), and in such cases a considerable error 
occurs in the first few' mm. depth. In the ciir\^es given later the data 
observed with vertical needles have been corrected. The correction 
used has been arrived at by com^siring the apparent temperatures at 
such depths wdien read with needles of varj’ing diameter, the error 
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being greater the brger the needle, and extrapobting the curve ob¬ 
tained to determine the probable temperature, if the needle diameter 
had been infinitesimal* From such data an empirical correction 
formula was derived* All the data thus obtained are probably ac¬ 
curate to within 0.1 to 0.2^ C., except perhaps in the case of v'alues 
obtained with vertical needles at depths of less than 4 mm. 

The temperature in the limb muscles are much lower than is gcn- 
erallv realized and much below deep body temperatures. The curves 
shown illustrate the sort of temperatures found in the forearm. The 
upper two ctirv'es illustrate the gradients observed in two subjects in 
the hot weather of last June. Depths are plotted in mm. as ahscissic 
and temperatures as ordinates, the needles being introduced vertically 
and gradually withdrawn. Even in the hot weather the temperature 
at aliout 20 mm- depth is much below rectal temperature. Under 
these conditions there is a flat area with little gradient just superficial 
to the deep fascia, and the gradient in the subcutaneous tissues is 
also slight. Both subjects were uncomfortably warm. The same 
.subjects on another day gave the lower two curves, subject 4 having 
the steepest cun-e, the higher rectal temperature and complaining of 
cold. In this case there was now no plateau superficial to the fascia 
and the gradient in the subcutaneous tissue was steep. On the hand 
the other subject felt comfortable, and, though the general gradient 
was steep, the normal plateau superficial to the fascia was present. 

Such reiationshii>s were couimoti. Thus on another occasion a 
normal curve with a plateau superficial to the fascia was obtained in 
the thigh with a room temperature of 22.8* when the subject had 
been sitting in a damp bathing dress for 43 min.-^ubject comfort¬ 
able- A second curve tahcn similarly in the arm after 85 minutes, 
when the subject was rather cool, was steeper and no plateau was 
present. The first curve is normal and the plateau is present, the 
arm curve is steeper than normal and the plateau absent. After 
swimming for 20 minutes the subject was very cold and 14 minutes 
later a third curve was obtained showing an exaggerated gradient, no 
plateau, a fall of deep body temperature with a rise of muscle tem- 


B AZETT-TEM PE RAT L RE SENSATIONS. 


133 


perature accompanying &liivfrdng. Shortly after this the shivering 
stopped, the subject fek comfortable, but the rectal temperature 
low and actiiaHy tailing' a fourth cnn'e was tlien obtained in the arm 
40 minutes after tite swim^ showing a low temperature level, l>ut a 
normal type of cun'e associated with the Ms'armer sensation; the pla¬ 
teau wTis again present. A fifth curve w’as lastly obtained in the thigh 
one hour after the bath atad accompanying a comfortahle sensation a 
curve was obtained similar to the first though at a rather lower tem¬ 
perature leveh In other e.xperiments after swimming a plateau tyjie 
of curve even Ratter than any of the above has been found associated 
with a sensation of a warm glow, even though the deep body tem¬ 
perature was 0,5° Ct or more below normal. 

Sensations of warmth seem there lore to be associated with a gen¬ 
eral diminution of gradients. Sensations of cold were associated 
with steep gradients and tjarticularly with the disappearance of the 
plateau superficial to the deep fascia^ Whether these changes are 
the causes or the results of the sensations it is at present imjiossible 
to say. 

To Investigate the question further w^ have therefore dirceted 
our attention to the changes to be observed on point stimulation with 
a V. Frey aesthesiometer of the skin end organs sensitive to heat and 
cold. Stereoscopic .K-ray photographs were used to determine the 
actual positions of the couples and photographic records were made 
of the changes in temperature observed when a metal point was 
brought in contact with the skin for a short time. In one experi' 
ment tw'o needles were used both at about 2.0 mm. deep, just be¬ 
neath a warm spot, and both gave similar results. Comparison was 
then made with the temperature changes occurring on the surface of 
the skin with the application of such a point. The surface change 
followed a simple curve that might lie antietpated, but at a deeper 
level the changes w'ere mote complicated. In spite of the nearest 
cold point being somewhat to one side a sensation of cold was 
recorded soon after a stimulus at 20* was applied and much before 
a recordable change at 2.0 mm. depth- The temperature of the skin 
remains below' normal for several minutes► if a point at 20^ C. 
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applied for only a few seconds* With rise of temperature follow¬ 
ing the stimulus an after sensation of warmth was considered present 
by the subject. In a similar experiment, where a 28" stimulus in* 
stead of one of 20® was employed a sensatiou of cold was experi¬ 
enced in the period when the temperatures were rising. With a 
stimulus of 38.5", a sensation “ hot" much preceded any tempera¬ 
ture rise in the needle at 2-0 mm. depth. In this case the needle at 
this depth showed a slight initial fall of temperature and after this 
a marked rise, occurring in two steps. 

The end organs for warmth appear therefore to be situated con¬ 
siderably superficial to 2,0 mm. That the lag in the deeper needle 
is due to the tissues rather than to the needle and galvanometer is 
indicated by the almost complete absence of lag in the surface tem- 
[>erature records. 

While the temperature changes recorded in the more superficial 
layers follow relatively simple curves and only show slight tendencies 
to step like changes this is not true of deeper needles. Some records 
show very complex ctnwes and this is particularly true at the greater 
depths. This presumably implies that heat conduction depends to a 
considerable extent on movement of heat by the Wood stream, so that 
it is much affected by vasomotor cltanges. We believe the initial fall 
of temperature, which is often observ'cd with a warm stimulus, if the 
needle is a few mm. deep, to be due to vasodilation and passage of 
cooled blood back to deeper venules. 

Sometimes live curv'cs obtained show a similar paradoxical change 
with stimulation by cold, a deep needle showing an initial rise of 
temperature. 

.•Vs the result of such experiments we judge the end organs sensi¬ 
tive to cold to lie not far from 0.5 mm. deep, while those for warmth 
(on which we have as yet done few experiments) seem to be slightly 
deeper, almost certainly much less than 2,0 mm. deep, and probably 
in the neighborhood of i mm. If this is true they should lie in the 
dermis and not in the subcutaneous tissite as has been previously 
suggested. In order to work at these small deirths we have had to 
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alter our technic and we are now working with wire made of 

wire o.o6 mm, in thickness, and they have given curves similar to 
those previously obtained with needles. With these loops hope 
to be able to localize changes more accurately and possibly to deter¬ 
mine whether it h the gradient or the direction of the temperature 
change that forms the stimulus to the end organ. 

The work has been done with the cooperation of Dr, B, McGlonep 
vrho should be etjtialJy credited for any success attained. 

Our thanks are also due to the Ella Sachs Ploti Foundation for 
assistance towards the e.\penses. 


KULLIPORE VERSUS CORAL IN REEF-FORMATION. 


Bv WILLIAM ALBERT SETCHELL 

The presence of nullipores (or corallines) as well as coraI$ as 
components of a coral reef was recognized by Darwin and noted for 
particular reefs in the Indo-Pacific region {1842, etc.). Dana 
(1R49, etc.) also mentions nullipores (as included under the 

term coral) but neither he nor Darwin seem to have considered the 
association of nutlipores with corals as of significance in any way 
except possibly as contributing towards bulk. Semper (1863) and 
Sir John Murray (iSSo) have practically disregarded nullipores in 
their theories, although the latter was certainly in a position to be 
aware of their existence and to a certain extent at least of their prev¬ 
alence and striking association with corals on the reefs of Tahiti 
and clsew^here, ^lurray regarded sediments, especially of foramJ- 
nifera* as important in building up reef foundations from deep water 
to the lower depth limit of reef-forming corals. Alexander Agassis 
(1S88) realized that calcareous algae were important in reef forma¬ 
tion, partiailarly as contributors to bulk. The true relation of nulli¬ 
pores to coral in reef formation began to be visualized during the 
Funafuti Expeditions (i8g6, 1897, and 1898). The data obtained 
by these expeditions from the point of view of coral reef growth and 
formation constitute the most considerable and most exact data avail- 
able for discussion of coral reef theories. The Funafuti Expedition 
emphasized the Litholhaninion belt.^* forming the outer and ex¬ 
posed broad mai^n of the atoll reefs. It also emphasized the ce^ 
menting function of the Liihotbamnta (or nullipores) all through 
the reef, binding the disconnected coral materials together, h de¬ 
termined that below 180 feet in tlw main boring there was a pro¬ 
nounced change in the structure of the reef and tliat below* 637 feet 
the proportion of niagnesium to calcium (due to nullipores) in¬ 
creased enormously. While the two shallow borings (each less than 
180 feci) agreed with the main boring as to the character of the 
upper reefi of looser structure, w-here corals seem to predominate in 
bulk, they reenforce the suggestion of the results of the main boring 
that below* 200 feet the nulliporc constituent clearly predominate3. 
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A most important observ-ation was made by the Funafuti Ex- 
pedition in the Gilbert Archipelago in determining: that the only 
visible component of Onoatoa Atoll ivas nullipore (chiefly ParoUthoii 
crasffcdiuitt (Foslie) Foslie. J. Stanley Gardiner, who acconi' 
panied the first Funafuti Expedition, added much to our knowledge 
of the situation in eastern Indian Ocean during the Percy Sladen 
Expedition in H. M. S. Si^ahrk ^ 9 ^)- He found that the 

atolls of the Chagos Archipelago {I^rature^ VoL J2, 571, 572, 1905) 
are apparently constituted of nullipore reefs {Fi^roUth&u craspedium 
probably the chief builder). The presence of corals at the Seychelles, 
but absence of reefs, he attributes (Nature, Vol. 73, pp. 184-1S6, 
and pp. 294-296, 1905, 1906) to the lack of " cementing nullipores." 
He also found nullipores to l>e the chief reef-forming organisms in 
the Maldives and Laccadives (quoted by Foslie in The Fauna and 
Cieography of the Maldivc and Laccadive Archipelagoes ” VoL i, p. 

Marshall A. Howe The Building of Coral Peefs/* ^^nVwcc^ 
Vol. 35, pp. £37-^2, ^lay 31, 1912) has summarized the nulli- 
pore situation and has brought out the salient points most clearly and 
there is little to add to his most admirable exposition except in 
emphasis of his position. Howe has called attention to Bigelow’s 
report {Proc. Amer. Acad., Vol. 40, pp. 557 - 59 -t 744 i *be 

calcareous pebbles making up the Challenger Bank off Bermuda, in 
depths of 180 to 300 feet. 

Professor E. L. Mark U^is kindly given me samples of calcareous 
pebbles of the same collection dredged from the Challenger Bank in 
1903. These pebbles or concretions vary from a few inches to pos¬ 
sibly a foot in their large diameter. On cutting, they are found to 
l>e formed about a small shell or fragment of a shell, by layer after 
layer of nullipore (various species of Melobesieae), until the rela¬ 
tively huge mass of nulli|»rc results. 

The FuTiafuti reports (p. 173J call attention to the fact that there 
were found every w^here scattered through the rocks, organisms, and 
fragments of organisms, encrusted with successive layers of a 
foliaceous Lithothamnion, till irregular nodules from 1 to 2 inches, 
or even more, in diameter, have been built up.” The indications are 
that such nodules, formed of layers of nullipores, alternating irre^- 
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larly with layers of F&lyiretm, have been important in reef forma¬ 
tion in all parts of the world. 

My oW experiences at Tutuila of the Samoan group in 1920. at 
Tahiti of the Society g^rotip (1922), and on Oahu of the Hawaiian 
group (1924) have led me to brin^ forvi^ard the rekilion of nullipwres 
as reef builders and reef formers, (sarticiilarly in the Indo-Pacific 
region. 

Rose Atoll is built up, according to Mayor (cf. Setchelh Carneg. 
InsL Wash., Pub. 341, pp. 242. 243. 1925) of nullipores (Porolithau 
cmspedimti) and the exposed fringing reefs of TiiruHa (cf. Setchell. 
ibid., pp. 34, 35) OWE their exii^rence, form, and growth characteris¬ 
tics partccularly to the nuJIipore^ ParaliihoM onk&des (HcydrA 
Foslie. The island of Tahiti, however, shows reef formatton of all 
forms except, naturally, that of true atoll, in most characteristic and 
instructive fashion. I have classified these reefs elscwdiere (Carneg. 
InsL Wash., Yearbook, 21, pp. 180-187, iy^ 3 ) exposed fringing 
reefSp protected fringing reefs, and liarrier rt^fs. I have also called 
attention to what I have called incipient exposed fringing reefs and 
to harrier banks as [Xissihle incipient or undevelo| 9 ed liarrier reefs. 
Elsewhere 1 shall publish further details tending to support these 
ideas. It is sufficient here to call attendon to the fact that nnllipore 
action is not only the controlling factor in each form {or type) of 
reef or liank but that there is also a definite nuUipore specificiU' due 
to ecological and growth form j^culiarities, for each ty^je of reef or 
bank as w^ell as for depth. 

ParoUlfwn onkodes (Heydr.) Fqslie is a surface huilder and 
through its influence the exi>osed fringing reefs of l>oth Tutuila and 
Tahiti have been built out as shelves, adding to their hulk below the 
surface bv coral growth held together and in place by the cementing 
nulHpores (Melobericae and calcareous Sqnamariaceae). The pro¬ 
tected fringing reefs of Tahiti were probably exposed fringing reefs 
at first, extending later after being protected by the formation of 
barrier reefs, by corals of vertical growth forms and by cementing 
nullipores. The barrier hanks of Tahiti have arisen in an encircling 
zone in water of 30 or more fathoms, hy the growth of nullipores 
almost cxclusivelvp until ivithin a few^ fathoms of the surface. One 
o'! the reef-formers here is Uifiothamuhti Dtckici, said to have prob- 
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ably formed an entire bank in the neighborhood of Papeete, Over 
a considerable [x>rtion of the shores of Tahiti, the barrier banks have 
l>ccome coral (with cementing niillipore assistance) reefs until near 
the surface, when the ^laveniefit nallipore {PorcJIfh&n oitkod^s) has 
rounded them off above and assisted in their preservation and ex¬ 
tension in w'idth. On certain sectors of the Tahitian coast the 
l)arrier structures are stilt in the form of t}anks, due probably to 
mhibition of their growth rate, or time of inception, by some factor, 
probably connected with the volcanic history of the island. 

The nullipore relation is known in atoll reefs, such as Onoatoat 
Rose AtoJi, and tite Chagos. These reefs are due chiefly to Poro- 
lithon ^rasprdiuni (Foslie) Foslie as both reef-former and reef- 
builder, This nullipore is not only a surface organism (particularly 
a cumatophyte or surge plant) hut it undoubtedly grow's much dee|jer 
(exact depth not know^n at present)+ The encircling atoll reefs w^en 
in the bank " stage allow of full swcjep of water over them, which 
possibly ex])laiiis the larger depth relation of this nullipore. The 
low^est portions of an atoll reef probably are (or at least may be) 
formed largely by ntilliiiores of simple encrusting form, but few data 
are available as to specific form,s. From Funafuti, one of the spe¬ 
cies from a!x»ut 250 feet of depth is Ltihoihammuin fitnafuticfisc 
Foslie* 

Finally, 1 imy slate that a study of the nnlli|x>re relation leads 
to the following suggestions: 

1. The nullipore relation removes the depth limit assumed for 
reefs su[};(]Qsed]y depending upon ** reef-forming corals.^' Subsid¬ 
ence or other ^pe of gradual change of sea level theories art un- 
neccssarv'p since living nullipores have l*een obtained from a depth 
of L 30 t> feet at Funafuti and even, as Howe indicates (loc. cit., p. 
841) as deep as 350 fathoms or over 2,000 feet in Florida waters. 

2, The second assumption, practically of all coral reef theoTies^ 
is that of the interconvertibility' of different nytfs of reef* My 
studies at Tahiti indicate tltat the nullipore control not only renders 
this unnecessary as an assumption, but also indicates the improbabil¬ 
ity of Its occurrence in the sense in which Darwin and others have 
postulated it. Fringing reefs* barrier reefs, and atoll reels sboiv 
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peculiarities of nulHpore species and growth form and action, each 
more or less peculiar to the particular Kpe ol reef form. 

In closing his article on The Building of Coral Reefs/’ Howe 
says: “Much evidence has accumulated tending to show that the 
importance of corals in reef building has been much overestimated 
and that the final honors may yet go to the lime-secretiiig pbnts,"* 
It seems to me that the final honors can now be bestowed and, with¬ 
out minimizing the contributions of corals, there may l>e added; 

1. That without nullipores no " coral reefs '' can be or would 
have been formed; 

2. That the biological depth limit founded on coral peculiarities 
may be abandoned; 

3- That reef interconvertibility' not only is an unnecessary as- 
siinn>tion, but for most barrier and atoll reefs it is thoroughly Im¬ 
probable tlmt they arase from fringing reefs through a period of 
gradual sutjsidencc; 

4, That the final evaluation of the fact that coral reefs are com¬ 
monly formed on shores where change of sea level has taken place, 
is still to be made^ but it seems probable that these changes of sea 
lev'el took place before rather than during the grovrth of the reefs 
and are incidental rather than causal in reef-formation; 

5* That the aninial components of the reef of next importance 
after the nullipores are the various encrusting specie^> especially of 
Poiyfrmui, a genus of the Foraminifera. In the upper 150 feet of 
the main boring of Funafuti, corals constitute only one fifth of the 
bulk while below that their remains are much altered and represent 
a less considerable elementt in all probability being debris from 
higher levels. As fillers, sand (shell and coral fragments and 
Foraminifera) and shell and coral rubble form elements of reef 
structure and Murray (iSSo) wtis inclined to attribute to these the 
building up of reef formations to the level Avhere coral growth be- 
come,s possible, 

6, That barrier and atoll reefs originate at deptlis below the ltmit$ 
for growth of reef- forming corals as a result of zonal ecolcigic con- 
ditiomi and rise towards the surface^ the fairly uniform depth of 
lagoon and moat, respectivelyv being in these cases another expres- 
s'^^n of zonal control. 



THE PREHISTORIC PERUVIANS. 

Bv CH ARLES VV. 

^^'Tten Pixarro began the conquest of Pern in 1532 the I no Em¬ 
pire included the greater part of what is now Ecuador, Peru, Bolivia, 
and also the northern part of Chile down as far as the Maule river 
in the thirty-seventh degree of south latitude. 'Thus it extended from 
north to south a distance of 2,200 miles. It varied greatly in breadth. 
In ver}' early times a stone age people lived in various localities on 
the coast. True ijaleoliths, like those of Europe, have been found 
in considerable numbers at Arica and Taltal, m northern Chile, 
particularly at Taltal where the lowest strata of graves, where they 
are found, contain nothing but paleoliihs. 

Many centuries before the rise of the Inca Empire the schcalled 
megalithic people flourished. All our knowledge of this people is 
derived from such of their works as are still extant. They were the 
builders of Tiahuanaco, and similar megalitliic ronains- Among the 
best known of these megalithic structures are Saesahuaman^ On the 
hill above Cu2CO, Oll^utaytafubo, at Coma^ha near Apurimac, CAortw, 
Huara:: and Quelap In Chaconfoyas. Remains of this kind arc 
widely distributed over the whole country, suggesting that the mega- 
lithic people were a more or less homogeneous people. Prescott well 
$ays of them: " Vho this race were and whence they came may 
afford a tempting theme for inquiry to the speculative antiquarian. 
But it is a land of darkness that lies l?ejond the domain of history.^^ 

Yet due to recent archfcological research w^e know tliat there were 
three great centers of culture in Peru in prehistoric times: the region 
about Trujillo, Nazea, and Tiahuanaoo. There is good reason to 
believe that they flourished, at least in a portion of their duration, at 
the same time, for we find forms in pottery and ornamental motives 
in each that also appear in the other two. The characteristics of 
their arts were however entirely different. 

In the northern coast dr Trujillo art, realism prevailed. Animal 
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and vegetable fonns m terra cotta, without conventionalization, \asc 5 
that ^s-cre evidently intended as portraits, and well executed scenes 
from their daily life, and even landscapes painted on their pottery 

vessels. 

The art of the Xarca region does not show the wonderful model¬ 
ing found at Trujillo* It is inferior in this respect to that of many 
parts of Peru, but in wealth of color it surpasses all other regions, 
and conventionalization runs riot in their painted decorations. 

The art of Tiahuamco is l>est illustrated in work in stone. The 
best and most characteristic example is the carving on the great 
monolitliic gateway at Ak-Kapana. The central figure represents 
some god, holding a staff in either hand. The art motives are the 
human figure, the condor and the ptima* 

We know nothing definitely about the rise of the Inca Umpire, 
but it seems probable that in the beginning it resulted f rom the join¬ 
ing of two Andine cultures, that of Tiahuanaco and the Unibamba 
Valley. This seems to be borne out hy forms and ornamental de¬ 
signs of pottery, from burial pbtces in the coast valleys, which ate 
often in the styles of both Cuzco and Tiahuanaco. 

The Incas domesticated the Hama, which they used as a beast of 
burden. This gave them a great advantage over their enemies, as it 
enabled them to transport supplies to a great distance. By conquest 
and confederation they gradually overran the entire country. It is 
generally believed that they finally conquered the northern coast 
region about 1400 of our era. 

The formation of the country is such that th^’ had all degrees of 
temperature, from the burning heat of its deserts to the perpetual 
winter of the highest cordilleras. The strip of land along the coast 
is largely a desert where rain rarely falls. At intervals there arc 
small fertile valleys, watered by streams that come down from the 
mountains to the Pacific Ocean. The mountains mostly mn in two 
parallel ranges: the eastern known as tiie .Andes, the western as the 
Cordillera. North and east of Lake Titicaca arc the Bolivian Andes 
or Cordillera Real. 

Their govcrmiient was a pure despotism. The Inca, as the rep- 
^sentativc of the sun, was at the head of the priesthood and of the 
army, making all tlte laws, and appointing judges to enforce them. 


MEAD—THE PREHISTORIC PERUVIA^CS- 


143 


Til Bliort, he was a superior being, ow-nlng ever^ihing, and the source 
of all power in the empire. Xo one could approach him unless larc- 
foot and carrj ing some token of homage. He was supposed to allot 
to each person or to each family sufficient land for their support, who 
could not part with any of it, nor could they acquire more from their 
iveighbors. 

It is impossible to determine the number of reigning Incas, as 
the list of names given by the different old chroniclers vary in num- 
her from 8 to 102 . The Incap Huayna Capac, died in 1525^ only y 
years before the advent of the Spaniards. 

Cieza de Leon says that more than 4,000 souls, women, pages, 
and other ser^^ants, together with immense riches were buried in the 
tomb with the Inca Huayna Capac, and adds the somewhat doubtful 
statement : As soon as HuavTia Capac was dead the lamentations 
were so great diat the shouting rose up to the clouds, and the noise 
so stupefied the birds tliat they fell from a great height to the 
ground," 

Whtn Pizarro entered the country he found it dlrided against 
itself. 'V\'hen Huayna Capac w-as dying he decreed that his illegiti¬ 
mate son Ataluiallpap by a princess of Quito, should inherit the 
ancient Kingdom of Quito, the rest of the empire he settled on his 
legitimate son Huascar in Cuzco. This arrangement tvas satisfactory 
to neither son, and they were engaged in a bitter w^ar wben the 
Spaniards arrived. 

The Inca prince was well trained for the position of Inca. He 
and other princes of the blood w^ere obliged to undergo severe train* 
mg to prove their strength, courage and general fitness to govern the 
empire. They w^ere made to fast for a number of days with only a 
small amount of food and w^ter, as such a fast might be necessary in 
times of w^r. They w'cre obliged to run a race over a distance of a 
league and a lialf, Gardlasso says their parents and relations would 
intercept the runners, crtcouraging them, and telling them it was 
better to break their hearts in the race than to come off with dishonor. 

They w^ere also divided into two equal parties: one to garrison 
the fortress, and the other to a&sauk it. The next day they changed 
stations* They liad to show their dexterity in archery, throwingp 
stones at a mark with a sling, casting the lance and dart, and were 
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also obliged to learn how to mabe all implements of war, and their 
clothing. 

If we divide the range of the world’s culture into enlightened, 
civil!ecd, barbarous, savage, and presavage, the Peruvians, at the 
time of the Conquest, come under the head of barbarous people; if 
one defines barbarism as a stage in which powerful nations were 
founded, and systetiis of record developed. 

It is not uncommon for a tsarbarous people to reach a high de¬ 
velopment in one of the arts, as for instance in basketry; hut the 
Peruvians excelled in many directions. They produced great archi¬ 
tects, as shown in many of their structures, and great engineers, who 
built aqueducts hundreds of miles long for irrigating the desert coast 
lands. They made potterj' with beautiful lines and colors, and 
textiles w'hich, in technique atid decorations, have never been ex¬ 
celled. They invented the Quipu, an efficient instrument for keep¬ 
ing their accounts. They had a wdl-organised government. 

These things seems to entitle them to be classed as a civilized 
nation; but the other side of the picture is not so agreeable. We 
are told in one paragraph that the Inca was a most beneficent ruler, 
and in the next that he was a sas-age, who being offended at an 
individua], inimcdiately proceeded to destroy the village to which the 
offender belonged, killing men, women, and chiklren. .After read¬ 
ing Prescott's *' Conquest of Peru '* one is left with the impression 
that the Incas, at the time of the Spanish invasion, were making 
remarkable strides toward becoming a highly enlightened nation. 
\\^ now suspect that they had reached the highest devebpinent it 
was possible for them to attain, and were, in fact, going backwards 
at the time Pizarro entered the country. 

Historical contact with almost every eastern natjoti has been 
claimed for Peru. In this way it has been sought to account for 
many o£ the arts of the Peruvians; but none of these dams liave 
been substantiated* and it b now generally conceded that they de¬ 
veloped in their own country and owe nothing to any outside in¬ 
fluence. 

Again Me.xico and Peru flourished at the same time^ but it is 
-improlKible that they knew t>l each otlier's existeuce. Certainly their 
arts developed along very diflferent lines. The character of their 
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civUi^tions was entirely different^ for while the Peruvians were 
much superior in agriculture, the textile arts, and in such public 
works as roads and aqueducts, they fell far short of the Mav-a in 
the higher intellectual culture: more iiarticularJy in astronomy^ and 
in the invention of hieroghphs as a means of communiQting thoughts 
by visible symbols. 

The prehistoric Peru^^ians, like the Indians of the country today, 
were of moderate stature; the men measuring between 5 ft, a in. 
and 5 ft. 3 in. The women about a in. less. 

Peruvian dwellings were of .several kinds. On the coast, and in 
the warm valleys they were generally of cane, supported by posts of 
algaroba wood, and often plastered with mud. Sometimes made of 
adobe. In either case the roof was a mat of reeds, or thatch of 
ichu grass laid over sticks. In cold districts stone was often used in 
building their huts. 

Father Cobo and Cie^a de Leon have given ns good accounts of 
their clothing worn at the Ume of the Conquest. The dress of a 
man consisted of a breedi-c1ot!i+ over which a poncho, with or with¬ 
out sleeves, called fiiicif. The outer garment, called yacolla^ 
thrown over the shoulders. WTten dancing or at work wo ol the 
comers were tied together at the left shoulder. 

In some localities the women wrapped themselves in a large piece 
’Of cloth, which hung under the arms. The edges were pulled up over 
the shoulders, and fastened with a or pin. .\ brnacl belt, calletl 
chum pi, encircled the waist. The outer garment, called IhcUa vi-as 
shawl dike r It was thrown over the shoulders,, and fastened over 
the breast with a pin. These pin$ have very large heads, some in 
the form of a spoon, with which they ate their roasted and ground 
corn. Others had flat heads, with a thin edge which they conid use 
as knives. 

On going to sleep, at night, they did not undress: the men threw 
off the yacolla,^ and the women the IficWn. 

When any foot covering ift'as used, it was a sandalj. made either 
of llama hide or of braided vegetable fiber. 

Agriculture was carried on in a strictly scientific way* often 
nmder great natural difficulties. In many parts there was little arsfele 
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land. To remedy this shortag:e the hillsides were made into terraces, 
and soil laboriously carried up. 

In planting, a stout stick was used. On the northern coast this 
stick was shod with copper. This copper point was shaped much 
like a chisel, and had a socket at the upper end into which the liandle 
was driven. 

They had no plough-share, but Garcilasso says tiiat sometimes a 
pointed stick was drawn through the earth by a number of men on 
a rope: women following to break up the clods. For manure they 
used guano or a sardine which they could procure in immense num¬ 
bers. 

Besides niaiw, potatoes, sweet potatoes, tomatoes, beanSj inandioca, 
squashes, oca, quinoa and two v'arieties of cotton, we know that a 
variety of fruits were ailtJvatcd. 

Maize was the staple food in localities where it could be raised. 
It was boiled, or roasted and ground into meal. A bag of this meal 
is often found with a mummy. It is the principal food, carried on 
journeys, by the present Indians. A spoonful of this meal and a 
swallow of water now and then is all they require. 

In very cold n^ons, where com cannot ripen, quinoa takes its 
place, or in the neighborhood of Lake Titicaca a small variety of 
potato is grown. This potato is frozen and pressed to free it from 
moisture, and thus prepared it is called Chttlu. It is a tasteless food, 
hut the only way the potato can be preserved in this climate. 

The coast peoples subsisted quite largely on fish. The sea all 
along the coast abounded in a great variety of excellent fish. They 
captured these fish in nets, by Iiook and line, and with spears having 
detachable points of stone nr copper to which were fastened long 
cords or strips of llama hide, by which the point could be recovered 
after it had left the shaft. 

The list of animal foods is a short one. The herds of wild 
vicuna and alpaca on the mountain belonged to the Inca. The 
flesh of the deer, and in some localities the guinea-pig, peccary, and 
the I'iffJinr/ra, a large rodent, ducks and geese were the principal 
animal food. 

“In many localities the flesh of the guinea pig is the only meat. 
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It is roasted or made into a thin stew, highly seasoned with Chili 
peppers. 

Plunting implements were the same as those used in war, the how 
and arrow, tlie club with stone or copper head, a spear, sometimes 
cast with a throwing stick, and the bolas. 

jVarca^icf.—The dried leaves of the coca plant {Eryfhraxyhn 
c&Cfi) were chewed^ with a little lime, exactly as the betel nut is 
chewed in the East. 

Chic ha, a kind of beer, generally made from maize, was the na¬ 
tional drink when the Spaniards entered the country, and has lost 
none of its popularity since that time, 

ihtailurgy. —The Peruvians worked gold, silverj copper and lead. 
The objects fashioned show that casting in moulds, beating up tall 
cups from a single piece, soldering and even plating or gilding one 
metal with another were understood. 

They had also discovered the art of making bronze. They found 
that a combination of copper and tin made a much harder and more 
serviceable tool than one of copper alone. 

I have spoken of the characteristics of the pottery in the different 
sections of the country. 

We are indebted to these old potters for quite a part of the knowl¬ 
edge we have of things familiar to them in their daily life. They 
have left us models of their houses^ of their costumes* animals and 
vegetables. Their painted decorations show^ women w^esA-ing* and 
fishing and hunting scenes. 

The early Spanish chroniclers were not interested in such things, 
and could not imagine that f uture generations would be. 

The Conquistadores entered the country* with but two ideas; the 
acqiihition of gold and the spreading of the Catholic religion. 

As in other parts of the AVOrld every important act was in con¬ 
formity to a ritual. When the earth had been prepared for planting 
the people sang certain songs. The substance of these songs was 
taken from the w^ord hay Ills, which means triumph, as if they tri¬ 
umphed over the earth aird took fruit from it. 

Another festival vnss held, by the highland people* when the com 
appeared aboA'e the ground* Sacrifices of young Hamas, barton 
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ewes, and male Jlnnias were offered, and the deity petitioned not to 
allow the crop to be destroyed hy frost. 

The principal festival of the suOp called Vnlip Ray mi was cele¬ 
brated in Cnzco, soon after the Sumnier solstice. AH of the prind- 
pal captains of the anny, and the lords of the different provinces as¬ 
sembled on this solemn occasion to do honor to their god, the sun, by 
virtue of whose heat and light all living creatures were generated and 
sustained. 

Early on the appointed day the Inca arrived, followed by the 
whole population of the They watched for the rising of the 

sun, and as his first rays were seen a great shout broke forth from 
the multitude. The Inca offered a hbation to the sun from a large 
golden vascn filled with the fermented liquor tnade of maize. He 
drank from the vase himself, and gave what remained to his royal 
kindred. After this ceremony they all went in procession to the 
temple. Later the high priest offered a sacrifice^ generally a llama. 
He opened the body and sought from tlie appearance wliich it ex¬ 
hibited to read the future, 

They had made considerable progress in surgery and medicine. 
Trephining was done with a piece of obsidian or a sliarp stone. 
After the advent of the Spaniards the medidne men used a piece of 
a broken bottle, a knife, chlseh or any sharp implement. 

In Peru, where clubs with star-shaped heads of stone or copper, 
and sHngs for throwing stones w-cre in common use, fracture of the 
skull must have been a common ocairrence and trephining often re¬ 
sorted to in such cases. It w^as also done for other reasons, prob¬ 
ably some religious belief. 

Amputation of the foot w-as a common surgical operation in the 
coast region, judging from the number of pottery human figures in 
museum collections, that liave lost one or both feet. 

In the mytholepical fables of Peru we find variants of the Biblical 
accounts of the great flood and of the virgin birth. 

Christoval de Molina wrote the Inca account of the great Rood 
betw'ecn 1570 and 1584. 

In tfcc life of Manco Capac, wlia the first Inei, and from whom they 
b^n 10 be called the children of the Sun, and to n'orship the Sim, they bad 
a tdll account of the deluge. They say that atl people and all created things 
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pnishcd 'm h, luftoiiitidi that die water ro4e above alt the highest mountams 
in the w'Orld, No tiving things inrviv^ except a man and a woman^ wbe re¬ 
mained in a boxp and when the waters subsided^ the wind carried tliem to 
Ktianaco. 

The Peruvian variant of the vir^n birth vf^s written by Francisco 
AvilSp cunt of San Oamianp m i 6 o 3 . 

The god Uira-cocha caused the virgin goddess^ CavilUicaj^ to con¬ 
ceive by dropping before her tlte fruit from a haima tree. To her 
oviTi astonishment she gave birth to a son. She assembled all the 
gods to find out who w^s the father, by the test of the diild recog¬ 
nizing him. 

Uira-cQciia came disguised as a wretched beggar. The child went 
at once to him, CaviHaca was so ashamed and enraged at the 
thought of such a character being considered the father of her boy 
tliat she snatched up the child and fled to the sea. Utra-todm re¬ 
sumed his godlike form and pursued her, calling to her to turn back 
and look at him She was soon out of sight, and when she r^ched 
the shore of Pachacamac she entered the sea whh her child> and im¬ 
mediately they were turned into two rocky islets, which may still be 
seen. 


the peopling of the earth. 

Bv ALES HRDLICKA. 

(jFtfurf April 19 ^^ 

At the annual meeting gf this Society in 1921 the speaker had the 
pleasure of presendtig a discussion on the subject of “ The Peopling 
of Asia"; and in dealing with that key-problem brief notes were 
added on the peopling of other parts of the earth. To-day he is able 
to add the results of three additional lai^ trips abroad, the last of 
which in the year just passed took him through the Mediterranean 
and the Red Sea to India, Ceylon, Java, Australia and South Africa. 

These trips have enlarged the horizon. They brought many new 
detailed facts. But their main result, it is gratifying to state, was 
that the essentials given in 192 J were in all important respects cor¬ 
roborated. Without further preliminaries, it is now possible, with 
fuller confidence, to make the following statements; 

MuhV —Just where on the earth the first beings that could 

be called human came into existence, is as yet uncertain; but the 
weight of present evidence, so far as the known varieties of man are 
concerned, points most towards western and southwestern Europe. 

The Cradle of Man.—By the " cradle ” of man is meant the loca¬ 
tion of the nursery of human kind, the region where the infantgf and 
early childhood of man was passed. Here again, and that even more 
titan with the origin of man, the mass of indications to date is found 
to point to western and southwestern Europe, with probably an early 
Qf (he species on the one hand towards Gentral Europe and 
on the other over the watershed of the Mediterranean. 

The idea that the cradle of man lay in Central Asia, still supported 
in some quarters, may be characterised as merely an idea, based on 
collateral rather than critical anthropological reasonings and without 
to this moment a single item of material evidence. All found thus 
far in Central Asia connected with earlier man, relates to his post- 
gkcial extensions and hence to a man already late in history, nearly 
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fully fledged and approaching man of modern times. The infancy 
of the human race belongs to the earlier half of the glaciaJ period, 
and of man of this period not a vestige of substantial evidenoe of any 
sort exists as yet outside of the above-mentioned parts of Europe. 

It is strange what a hold fixed ideas have on most of us. Were 
it a question of any other family of mamniaJs^ the region which gave 
us not only the mass of the remains of these maninials but n.ha that 
in which alone were found their earlier representatives would inevita¬ 
bly be taken for the probable original home of that fau^ily. Only 
with man this law does not seem to apply and he forcibly is being led 
into a region which to this moment has shown not a sign of such an 
existence—simply because such a placement would fit reasons based 
on imperfect and irrelevant evidence and conceplfons. 

Human Di^ercntiaflon .—Human differentiation into races, varie¬ 
ties and possibly e%'Cn sfiedes may rationally be dated from the earli¬ 
est time of his separation into localized groups. The process doubt¬ 
less began even before man was full-fledged. But of what was ae- 
complished in the earlier times wc know^ ns yet next to nothing. 
The forms are gone, and their knovm skeletal remains are still so 
few in number that no conclusions of value are possible. 

The Neanderihai Afan .—It seems probable, however, that by the 
time the last or Wurmian glaciation was approaching* man existed 
in only one general form, known as the Neanderthal. This form is 
seen persisting for a wry long time, several if not many scores of 
thousands of years* into the beginnings of the postglacial or recent 
rime. Some students incline to view this important and already 
fairly well known form of humanity as a separate species perhaps a 
side branch of the main human stem which came into existence in 
tlie dim past, developed a characteristic type, never weaned itself 
from this type and perished completely some time after the last 
glaciation, without leaving descendants. 

Most of this. It may now be confidently said* is erroneous- The 
Neanderthal form is a necessary stage of man's evolution; it is not 
uniform in type either as to the skull or skeleton; it shows plain 
mdications of progressive differentiation towards modern man; and 
it is met w^ith in a more or less dilute but still recognizable form in 
later humanity, even dowm to the present day. Moreover a human 
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«nitn as long lasting and as widely sp«>ad as the Neanderthal wuld 
not completely disappear, like a mere animal species, through any 
known agencies. Should we agroe that Neanderthal man m Europe 
and neighboring regions became extinct and that his place was taken 
by the so-called Homo sttpieus, who presumably came from another 
source somewhere in Asia, we should be obliged to assume another 
Neanderthal-like phase in those quarters. For man could not pos¬ 
sibly Itave bridged the gulf from his precursor or anthropoid charac¬ 
teristics to the t)-pe of Homo sapicts without passing through a phase 

similar to that of Neanderthal man- 

The probabilities are tliat the latest Keanderthal man, due to the 

vicissitudes of the last glacial invasion, became much reduced m num¬ 
bers in Western Kurope, and that hi.s place was eventually taken by 
the transitional AurignacUn man, who was nearing the modern hu¬ 
man type. The latest devdopnients in Central Europe and elMwhere 
make it probable tliat while tlie Neanderthal tj-pe was declining in 
die west, portions of it which had meanwhile extended into and pos¬ 
sibly bevond Central Europe, dcv-cloped gradually into the Aurig- 
nacian ^n, who, spreading once more westward, reoccupied most 
if not all the sites of his Neanderthal forefathers. At one time it 
was supposed that the Aurignacian man might liave developed to the 
south of the ^^editerranean; but the evidence for this view is un¬ 
satisfactory. . 

Diff€rc«tiatio» of Postglaciol Ma«.-A comprehensive sur^y of 

both preglacial and postglacial remains of man, as known to-day, 
leaves the impression that until after the last glacial invasion man 
multiplied but slowly and irregularly, and occupied but a smaller part 
of tlie Old World, with the rest of tlic earth as yet unpeopled. The 
great wonder is, in fact, that man sustained himself at all during the 
hundreds of thoU-sands of years of his earlier development, from the 
first human to the latest Ni^nderthal forms, against nature, disease 
and his own kindred. But following the last glacial invasion there 
is clearlv a relatively rapid and ever surging advance in culture; and 
man evidentlv for the first lime in his history becomes capable of 
furnishing such a surplus of numbers that needs ever greater exten¬ 
sion of his domain. It was during these earlier postglaaal times 
^l,at we wHtness his spread in all favorable direcdons-eastward into 
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and beyond Cenlral Europe, southeastward into Patcstine and much 
further; and southward at least as far, it seems, as Northern 

Rhodesia. , ^ 

It was doubtless during this earlier half of the postglacial ttme 
tliat the foundations were laid for man’s differentiation into the oldw 
human stocks or races the progeny of which exists to-day. There is 
no evidence that since these times any human race worthy of the 
name has perished. 

The Old Races.-^The oldest human physical stocks constitute 
what we know as the main strains of humanity. They are the 
yellow-browns, the negroid and the "whites." These strains assumed 
in the course of time, during the latter half of the postglacial age, 
the basic characteristics which mark tliem one from the other; and 
each developed in turn a number of variants or secondary races, 
which, while differing more or less amongst themselves and also 
from the old native stock, retained nevertheless sufficient m common 
to be recognizable as to their sources and relations, These secondary 
races are as follows: 

Tlie yellow-browns peopled the central, eastern and northern 
Asia. Here they differentiated into a number of sub-types, which 
give the modern Asiatics such as the Mongols, fungus, Chinese, etc. 
As pressure of population increased and resources diminished, more 
northeastern contingents pushed out still further noTtheastward--iO- 
wards America; others forged southward into Malaysia, later into 
Madagascar, and, mixed already with other elements, into Microncss 
and Polynesia. Still others endeawred to overflow the Hnnalay’as 
to the southward. And eventually when other roads were blocked 
the northern masses turned back westward, towards Asia Minor and 

Europe., as the Mongol invasions. 

Intemiediatelv between these and the Europeans appear a con¬ 
siderable body of "semi-Mongolic" peoples known as the FinnO- 
Ugrians and Tatars, extending from the Baltic to and over the west¬ 
ern half of Siberia and Central Asia. 

America, according to all indications, received a number of al¬ 
ready distinct though in most respects closely related sub-types of 
the older yelJow-brown stock, besides eventually developing some 


Its own. 
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The distinguishing negro characteristics developed, it seems cer¬ 
tain. in the heart oi Africa, But from far back the iicgroids appear 
id t^o main strains, the short, or pigmy or negrillo, and the 'A-ell de¬ 
veloped negro. The shorter type differentiates in turn into the 
negrillo proper and the bushman with the related hottentots and 
“ strandloopers.*' From this type, which at one time was probably 
much more prevalent than now, an offshoot called now the negrito, 
proceeded in an eastern direction, skirting evidently the southern 
coast of Asia and reaching as far as the Philippine Islands. 

The regular negro developed, in num1>ers at least, evidently some¬ 
what later than the short, and has not as yet differentiated into as 
distinct sub-tv'pes as the latter; though localised differences are well 

known. ^ 

The " whites," probably before reaching a status when they could 

be fully characterized as such, began to ejttend especially in the 
southeastern direction, and must have reached not merely Asia Minor 
with the Caucasus and Persia, but also India and probably even Jav^a 
and Australia. Their furtherest stream which retains to this day 
numerous primitive characteristics that approach it to the uppermost 
Mousterian and the Aurignacian man, are the Australians. Subse¬ 
quent developments of the whites take place in India, Asia Minor 
and Northern Africa to form tlie Dravidiau-Hamitic and Semitic 
types; while those remaining in Europe differentiate gradually into 
the Mediterranean, the Central or Alpine, the Nordic and the Slavic 

^^or much of this the spealser’s 1925 journey has furnished further 
corroboratioiK 

One of the most satisfactory- results of the trip relates to the 
Negritos As brought out in the 1921 discussion, one of the major 
problems in anthropology is the presence of the Negrito in the Fhilii^ 
pines the Malav Peninsula, the Andamans and elsewhere m the far 
southeast. He is therein clear hut enigmatic type without connec¬ 
tion in any direction. His nearest relatives are apparently the Pyg¬ 
mies of Central Africa—there is nothing else with which to connect 
him- but a great uubridged space has till now separated the two. 
The problem has been-how did the Negrito get to hb present homes. 
If ite extended from Afrira, he must have left traces of his passing 
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in -A-rabk and India, irom which however there has come hitherto 
no clear evidence of his presence. However, such traces. SO far at 
least as the Indian coast lands are concerned, the speaker became 
satished, do exist. They occur in Plarganas (northwest of Calcutta), 
in at least one area along the eastern ctsast, here and there among the 
Dravidtans, and along larger parts of the western coast, more espe¬ 
cially in the Malabar Hills. This brings unmistakeable traces of the 
Negrito a long way more to the westward and so much nearer to 
Africa, making his derivation from that continent so much the more 
probable. 

Another major problem of anthropology has always been that o* 
the Australians together with the Tasmanians. Data obtained on this 
subject were rich beyond expectation, including the essential deter¬ 
minations on approximately t OOO well identified skulls of Australians 
and most of the known crania from Tasmania. The data throw very 
interesting and to some extent new light On the constitution of both 
of these peoples. According to these observations, the .Australian 
aborigines deserve truly to lie classed as one of the more fundamental 
races of mankind, and yet it is a race which shows close connections 
with our own ancestral stock-not with the Negroes or Melanesians 
(except through admixture), but with the old white people of post¬ 
glacial times. They carry, however, some admixtures of the negroid 
blacks, w'hidi is more pronounced in some places than m others. 

.As to the Tasmanians, the indications are that after all they are 
but a branch of the Australians, modified perhaps through this par¬ 
ticular admixture and in their own country. Both peoples have hv^ 
and the Australians of the northwest live largely to this day, m the 
paleolithic stage of stone culture. They arc stilt making unpolished 
stone tools, which in instances resemble the Mmisterian implements 
of later European [jabeolithic types—though they are callable also nt 
a much higher class of work. 

The third problem of much importance to afitbropology is tl\at oE 
the presence to this day in different parts of Asia of liiiing remnants 
of the older yellow-brown stock or t>T>e from which was denved the 
American Indian. On this point also new light of importance was 
gained on this journey. In the southern slopes of the Hiraal^^ 
are found to-day many Tibetans, as well as other Mongoloid tifiJIs 
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who at some time in the past overflowed the range but could get no 
further southward. Among these, but more particuJarly among the 
Tibetans, one finds to-day true American Indian types, so true that 
if they were transplanted into America nobody could possibly take 
them for an>thing but Indian. They, men, women and children, re¬ 
semble the American Indian in physique, in behavior, iti dress and 
even in the intonations of their language. 

Finally interesting observations were brought from the journey 
relating to the formation In far-away colonies of what eventually 
promise to become new' types of the white man. They relate to 
Australia and South Africa. The older populadon in Australia 
show's a perceptible trend tow’atds the formation of a fine tj'pe of 
tall, lithe, efficient man, resembling in many respects the older stock 
in America; while in South Africa the mixture of the older Boer 
population with the English, together wHth other conditJOiis> is favor¬ 
ing the development of another good, newer white t>pe, sotnewhat 
stockier than the English, less tall and bnkj^ than the Australian, but 
according to all indications a favorable t\'pe of considerable promise. 

Nothing of the above nature, notwithstandifig some mixture with 
the natives, is taking place in the Dutch colonial possessions, or in 
India. This is due to the fact tliat European man in those countries 
is in small numbers, and in general lives there only temporarily with¬ 
out raising an acdimatked progeny. 


THE PEOPLE OF THE MAIN AMERICAN CULTURES, 
fiv ALES HRDLICKA. 

iRtad 24, 

It is generally agreed that the main precobnibian American cui- 
tureSp f rom nqrtb to south, were those of the ** ^ioundbutlders and 
the Pueblos in what are now the United States j the Toltecs^ Aztecs 
and MayaSt in Klexico and Central America j the Chibcltas, Oiimti, 
Xascas, Kechua and Aymara in South America. 

This selection fs imperfect; it is not l^sed on exact scientiiic de- 
temtinations; it is posisiblc that other groups on a critical study would 
be found to ttave the right to l>e included in this list; but the groups 
mentioned are the liCst known, and they' are those who produced the 
most impression on the precolombian American developments of a 
material nature, ^sirticularly in the way of construction. 

The earthwork and architectural achfevetnents of the Mound- 
huildersp"* ^layaSp ToltecSp Aztecs and Incas, were in fact of such a 
nature and magnitude that the people who produced them Ijecamc in 
many minds dissociated from the ordinary American Indian, and 
were believed to have been different ** races/' To this day we often 
in reading encounter the race of the ^foundhuilderSip the A^tec 
race'' and similar expressions. 

A more advanced view, to w'hich even some serious scholars of 
our days inclinep is that several, if not alh of tliese old native ctilnire- 
groups were influenced by accessions from outside of the American 
continent- Thus the idea of the Qiinese (with later Japanese) con¬ 
nections along the western coasts is very^ strong; and there are other 
suggestions (southern .Asiatics, Egyptians+ white men). Most re¬ 
cently there conies from France (Rivet, Verneau) a recrudescence 
of the notion that the western parts of the continent received some of 
the Pacific islanders, and, Rivet adds, even Australians. 

The facts are, in brief, that for no one of these contentlons^o^ 
suggestions is there any phystcal proof. The people of our main 
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aborigitial cultures were just Indiana and, so lar as known, nothing 
but Indians. The culture devtbpnienls were, according to all indi¬ 
cations, not due to different blood, but to propitious conditions- So 
far as physical anthropology goes, there has never been found re¬ 
liably a trace of any other precolouibiau population either in North 
or South America than the Indian. The Moundbuilders, tlie Aztecs, 
Toltecs, Ma>^s, Incas, aU w^re but Indians. If ever there had taken 
place any contact of other people—and this is by no means improba- 
ble^this contact was so small that while it may have influenced cul¬ 
ture it left no traces of physical nature that could to-day be dearly 
ascertained. Cranial reseitiblanoes to other peoples, believed in 
originally by Quatrefages and after him by Tun KatCf Rivet and 
even Sullivan, are resemblances based in all probability on old bask 
relationship. Or are demonstrably individual \^riations and constitute 
no proofs of racial admixture. 

The builders and hearers of the principil precolumbian American 
cultures were however not all of one type of the Indians. The 
Indian population developed doubtless not from a single pair, nor 
from a single immigration* but from repeated small comings or 
dribblings over of eastern and northern Asiatic tribes which, though 
evidently all parts of the older yellow-brown race, differed already 
In type, language and other particulars. It is still possible to recog¬ 
nize several of tliese pre-American t>^pes of the Indian, and their 
distribution is not only of much interest but also probably of chrono¬ 
logical significance. They are, roughly, (i) the older dolichocephals, 
represented by many of the tribes from South America to Mexico 
and California; { 2 ) the older brachyceplials, the Tollectype of 
Morton, extending over the Antilles, Yucatan;, parts of Central 
America and of Ecuador, and down the coasts of Peru to north of 
Arica; (3) the later dolichocephals, represented by the Algonkin 
tribes with most of the Iroquois; and (4) the latest brachycephals, 
represented by the Athapascan tribes, reaching with Interruptions in 
a narrow stream from Alaska to northernmost Mexico, In addition 
to these there are recognizabtc several other types, such as that of our 
Gulf States* that of the Sioux, etc,, which are apparently of indige¬ 
nous development. 

We may now proceed with the enumeration of the types of the 
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Indian concerned in the developmetic of the fotemost aboriginal cul¬ 
tures: 

The Moundbuildera were partly of the “ Toltec ” or the Gulf 
tyx>eSp partly of Algonkin and perhaps even Siouan derivation 
(Cahokia mounds, etcO^ 

The Pueblos, at base, are niostlj the older western dolichoids, hut 
with here and there (especially among the Hopi) a strong to domi- 
neni element of the older brachycephals. 

The original xA^tccs belonged, it seems certain, to a branch of the 
older dolichocephalic type; but the ''Aztecs^' of the empire found 
by Cortez were a conglomerate of several branches of the older 
dolichoids with several groups of the older or Toltec brachycephaltc 
peoples. 

The Mayas werCj according to all indications, a remarkably pure 
sub-type of the old brachycephals. 

The “ Incas/' like the empire Aztecs, were a eonglomeraic. The 
coast population (Yungas or, more locally Qumus, PachaeamaCt 
Nazeas, etc.) was, barring some intrusions from the mountains, of 
the Maya type and same derivation; while the mountain people were 
essentially composed of several branches of the old dolichoids, with 
here and there n. more or less perceptible admixture of the coast 
people. 

In every one of the groups under consideration there has also been 
admixture of the types, and doubtless some localized physical “ spe¬ 
cialization/" 

This is about all that needs now to be said on the question under 
consideration. We may summarize by saying tliat it appears to be 
the older brachycephalic ty^pe that has developed the higher cultures 
Tohec, May'a, coast of Peru, perhaps over one half of the mound- 
builders, and ati important part of the Pueblos. But the Aztecs, 
Aymara^ most of the Pueblos^ and perhaps the main elemeni in the 
Kechua, were of the older dolichoid type- The newer dolichoids 
gave us the bulk of the Iroquois with their relatively high culture; 
and the newer brachycephals are responsible for some of the cultures 
of the northwest coast. 

There appears therefore, except probably in die case of the older 
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brachycephals, no special connection between the cultures and the 
physical type of the Indians. 

It may be added that all the Indian tyites here dealt with are also 
represented—though apparently least with the old and most with the 
newer brachycephals and the older dolichoids—among the " savages 
of the two Americas. 


universal atomic volcanism 

AND THE M[LLIKAN COSMIC RAYS. 


Bv MONROE B. SNVDER, 

{FUad 20^ 

It 15 at this hour, on the 20th csf Januai%'j 1905, twenty-one yeans 
agOp that I presented before the American Philosophical Society the 
first accoont of my discovety of a new cosmic force due to the explo¬ 
sive transmutation of atomic elements of an order other than terres¬ 
trial radio-activity. The title of my paper was “Univ^ersal Cde-iiiat 
Radio-activity^' in deference to the only tiansmutation then known^ 
and hence to my piiinar>- belief that radicHacti\^ty in the stars might 
differ widely from the changeless form, and hence account for the 
facts. Subsequently in order to emphasize the difference from 
radio-activity, 1 named the unknown process of transmutationH and 
the accompanying force, "radio-action/' and so taught the subject. 
Only, last of all, after the force had been found to account precisely 
for the volcanism of the earth did "atomic v'olcanism** seem to be 
the projaer designation for the process and the force wherever actings 
The hypothesis of explosi\^ atomic transmutation favored by 
the relative position of the nebulous material ejected» its resulting 
form, the resulting photometric effects^ the resulting visible line 
sf>ecira, and ihe apparent transformation of the chemical elements 
involved, was merely an hypothesis, incapable of being brought to a 
test, until one day in August, 1904, when my intensive study of the 
conditions of the production of the line spectrum of hydrogen, 
always from the start assumed as the final element of the stellar 
atomic transmutation, suddenly completed Itself in the conception 
precisely and briefly expressed as "elcctroture."* Temperature, or 
the degree of energ>' due to the random motion of particles, was not 
capable of explaining the actual phenomena of star spectra. Kirch- 
hoff's Jaw had utterly failed to account for the helium spectrum in 
the heavenly bodies and that meant the failure of temperaturL- ^ 
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But ihe electroture^ or the deji^ree of the orbital ener^-^ of the elec¬ 
trons producing spectm of different line frequency", of different 
spectral series, and of different character per element, rescued the 
problem from mere mathematics to nature. It was then plain that 
as the degree of explosive transmutation of atoms varied ^ the degree 
of the orbital energy* the line frequency* the electroturep varied with 
it for each spectrum involved. Electroture then became the real 
key to stellar atomic volcanism, and permitted definite application 
of the principle of compound probabilities to the spectroscopic 
evidence. It was thus that the practical truth of the hj^thesis 
was established- 

The investigation of the force of atomic volcanism has necessa- 
rilVr during the long stretch of years, been pursued by the Newtonian 
Method of Science^ and hence otitaicie the pale of scientific authority. 
With r^ults insisting on comprehensive publication I am* this eve- 
ningp confronted by a double demand; First* the call for some brief 
publishable account of the complexities of atomic volcanism, and^ 
secondlyT the decree for a just appraisal, by means of atomic vol¬ 
canism, of the recent triumphant experimental discover>'-by Millikan 
of the precise order of the penetrative radiation, which, in more or 
less unsatisfactory ways, has received the attention of science for 
more than a score of year^. 

A mere caialpgue of a few results of the progress of my investi¬ 
gation is now the only feasible plan: 1^4 tinds the famous line 
4686, then supposed to be due to hydrogen, and now to helium, as 
preeminently associated with stellar volcanism, and sq reported in 
J905. Nineteen hundred and nine brought definite evidence of 
Radium Emanation as participating in an explosion in a star of the 
great nebula of Orion, and also disclosed both laboratory evidence 
and celestial evidence of explosive transmutation of atoms up the 
rare gas group through what was later found to be by steps each of 
a mass loss of 46 hydrogen units. Nineteen hundred and seventeen 
challenged me to find deductive proof of this explosive transmuta¬ 
tion of the inert gases, already verified by induction. This im¬ 
mersed me in a need for solving the Atomic Table Problem on as^ 
sumption of whole number hydrogen steps. Here I met my first 
\ p-ionounced opposition from the accredited atomic weight of Calcium 
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of the chemists. The matter was vitafp and it is to my colleague^ 
Professor E. Row'land HiU^ and his reliable mathematicai trainings 
that science will always ow*c gratitude for the unbiassed rei'icw of my 
workp and the judgment that only the proposed path should be 
followed. With ease, the autumn months of 1917 found the true 
atomic weights deriv'cd from the atomic numbers for the first 39 
elements. Zirconium brought another battle with the chemical 
authorities^ which so sidetracked my attempts that it w^as only by 
August 3 p I9j 8, that [ could complete the solution. 

The completed Table gave me the true atomic numbers and true 
atomic weights of all the knowm and unknown elements whose true 
placing in the compartments could be inferred. This Table has re¬ 
moved all discrepancies between the atomic numbers and the cor¬ 
responding atomic weights; has placed Uranium as number 96 
instead of 92- permitted my discovery^ of the only terreslrial rare 
gas then unknown; established a precise constant difference of 
atomic number and of atomic w^eight in the atomic aub^roupSp and 
thus cleared up many chemical and physical relations, and, above 
allp furnished the complete and final statement of the exact order of 
the atomic transmutation which we designate as atomic volcanism^ 

Application of the Table to the new star of 1918 in Aquila en¬ 
abled me to derive full explanation of many of the details of the 
spectroscopic obseevrationSp and particularlyp the reasons for the 
different order of spectra for different Similarly has the 

table revealed the mysteries of the meteorites. Incidentally five 
different orders of the transmutation of atoms in nature have bieen 
disclosed in the earth and the meteorites. 

Through the labors of my son Professor John A. Snyder the 
entire body of the earth sciences of geologyp mineralogyp and of 
geophysics generaliyp has shown the earth to be one of the heavenly 
bodies and one of the best obser^'cd. My son has also been particu¬ 
lar ly successful in showing that ihe terrestrial vnolcanic action b but 
a miniature of that in the solar sy'stcmp and in the universe of stars 
and nebulae. 

ft seems convenient to conclude this section with 
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A Summary of Universal Atomic Volcanism, 

I. At^m formation is a ceaseless process of star-life. Under the 
progressive pressure of gravitation within the star, the atoms are 
built up in successively greater stages of mass and energy according 
to a marvelous structural plan exhibited by The Fundamental 
Periodic Table of the Chemical Elements,^ While the electron and 
the proton are the ultimate electrical units of the one element uni¬ 
verse. the immediate units of the hydrogen structure of the atoms 
are the molecules known as the stable Hi. or hyclron, and the less 
stable Hs, or hydrion. 

2- iransmulalwn of the atoms in the stars and up the 

atomic groups, through great steps^ major and minor, of mass and 
energy loss, r^ults from a decided lessening of gravitational pressure 
on the nascent atoms, consequent to stellar rotationp or to change in 
the star’s gravitational held. 

vokanism thus^ for instance, by major step, explodes 
Tellurium into Selenium^ and Selenium into Sulphur, and by minor 
step, Sulphur into 0 ,'^'gen, as the mouths of volcanoes t^tify. 

Neighboring imnsmutation of aioms acts along the atomic series 
through small steps of mass change, either to next group or next 
but one^ o^nng to the slow change of pressure and of internal atomic 
energy attending the declining effects of volcanism. 

3. Vokanic mergy has a muUiJorm expression through the orbital 
and projectile speeds of electrons and atoms, which results in motion, 
magnetism, electricity, heat, and other forms of radiation classed 
as light, visible and invisible. 

4. Atomic voimnism is a imherse-undt phmomenon due 10 the 
conditions of atomic structure and of atomic change attained under 
gravitational action in every rotating and revolving star* 

5. The might of the volmnism of a star depends upon the star’s 
mass, state of aggregation, and kind and amount of its explosive 
atoms brought into action through variation of the gravitational 
held. The star may now expel a tiny cloud of gas, and now eject a 
pair of giant suns. 

6. volcanism distributes the masses and energies of the 
stars, the nebulae, the sun* the planetarv' and satellite ^sterns, and 

V ^ i^'The Fundamental PcritKlic Table the Clwmical Elements,'' Copyn^t 
1919, 1921, 1933, 1924. By M. B. Snyder^ filed Congfessiorwl Librnry, 
Washington. 
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thfi comets, as well as builds up and renews the continents, oceansi 
and atmosphere of the life-bearing earth. Atomic volcanism is, jn 
brief, the cause of all intrinsic variability in the heavenly bodies. 

Universal gravitatwn aggregates, and uni^sal v^^eanism dislrib- 
uies, bath the star masses and the eleme7Us in them. 

The Millikan Cosmic Rays. 

Hitherto I have chiefly directed attention to the visible changes 
in the atoms themselves which accompany the world force of atomic 
volcanism. 1 have also referred only to that radiation w^hich is 
expressed in the visible line spectra, although the structure of the 
atom and its widely varied radiation constitute but one stupendous 
problem. This problem stood forth too varied and vast to permit 
one easily to w^alk round it and tell the tow'ers thereof* But imme¬ 
diately t had learned of the existence of the Millikan invisible cosmic 
rays,! realized that they could he accurately accounted for only by 
the marv‘e]ous transmutative energy' released by the atomic TOlcan- 
ism active in all stars. As all \4sible stellar radiation is the final 
result of the explosiv'e transmutation of the atoms, kept in action by 
the atom circulation systems of the rotating stars, so the inxnsible 
light of the highest frequency and penetration must be due to the 
Same stupendous nuclear changes in the stellar atoms. 

In the precise dbcovery' by Robert Andrew^s Millikan of a 
spectral gamut of invisible cosmic light, of an observed penetration 
of hitherto unimagined order, w*e are in the presence of the most 
important revelation of atomic radiation of all time. It is only his 
colossal plan of constituting deep snow-ftxl mountain lakes of differ¬ 
ent levels a part of the equipment of the physical laboratory^ that 
could reveal the Final actuality of the cosmic rays; their dehnite 
range of mass absorption coefficients, disclosing a true spectral order; 
the marvelously exact determination of the highest observ^able 
penetration of these raysj their evident production of the observ^ed 
softer rays due to the Compton effect: the ceaseless equal action 
from all directions of these cosmic rays at all hours, day and night, 
and the rigid logical deduction that rays from all the vride 

heavens must be due to nuclear atomic transformation, and, as 
Millikan says, enormously more energetic than are those lakinj^* 
place in any radio-accive changes which we know anything about.^' 
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Radio-activity, as my atom table shows, is accompanied by loss at 
each step of either 4 or 6 hydrogen atoms, whereas major atomic 
volcanism proceeds by individual steps of the loss of 46 hydrogen 
atoms, approximately ten times that of radb-activity, or, it would 
seem, one hundred times the energy loss of atoms at the same atomic 
level. In the absence of any proper publication of my discovery, 
and of my wide verification, of the atomic volcanism due to the 
immense mass toss of 46 hydrogen units at each step of atomic irans* 
mutation in the stars, we need not wonder that Millikan fails to 
give final decision as to the specific origin and nature of the cosmic 
rays, nor marvel that the eminent English physicist and astronomer, 
j. H. Jeans, not only gracefully retires from the problem of the exact 
origin of the cosmic rays, but, in emphasixing their complete absorp¬ 
tion in the stars, fails to see that the atom transmutation must take 
place at different levels within the stars, and that the stellar penetra¬ 
tive rays, thus produced, cannot suffer the dire destruction he 
depicts. 

It was not only the high energy of this cosmic radiation, but the 
possibility that Millikan’s observation of the uppermost degree of its 
penetratbn had something to do with my ultimate stellar atomic 
number 143, that led to decided emphasis of the volcanismic explana¬ 
tion of the cosmic rays. Strangely enough, too, Sommerfeld, in his 
recent fourth edition of " Atombau," had put profound emphasis on 
the point that there was yet to be sohed the great problem of deter¬ 
mination of the limit of the atomic tystem, a problem which had Inci¬ 
dentally come up in my work* five years ago and had then led to my 
published indication that the highest stellar atom possible must be 
number 143. Mulling these considerations over with Dr. Carleton 
D. Haigis, my colleague at the Victor Talking Machine Company, he 
suggested that the Kaye-Owen relation, showing the absorption 
coefficient of the K radiation 10 be, approximately, inversely pro¬ 
portional to the fifth power of the atomic number, might be appli¬ 
cable. Comparison of Barkla’s value of the mass absorption co¬ 
efficient of Molybdenum with Millikan's upper coefficient for the 
new rays brought the astounding result of number 142.5, or within 

•" The Fundamqntal Ptriodlc Table of the ChemicaL Elcioerits," Copyritjht 
By B. Snyder, filed in Congressiojiat J.lbrary, Washington. 
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0.5 df my 143, as the atomic number sending forth this ultimate 
cosmic radiation. Assuming the absolute accuracy of the fifth 
power relation thus incidentally shown, I computed comparison of 
Millikan's highest coefficient with each of the eighteen mass absorp¬ 
tion coefficients of the K characteristic radiation of as many elements 
determined for unit density, by Barkla and other observers, as shown 
in Kaye s list, and, for sixteen of these^ found an average of 142.6, 
and for two of the best of these, namely Copper and Antimony^ a 
value of Z42.S, instead of the utmost possible number 143, From 
the observ'ed coefficients of Cerium and Barium, extraordinarily 
high values resulted for the ultimate element. These point to a 
hitherto unsuspecie?d admixture with Cerium and Barium of min¬ 
erals belonging to the subgroups of those elements. 

Perhaps I ought to indicate that the limiting atomic number, 143, 
had been determined by me by four wholly independent methods 
before this application of the ultimate number to the cosmic rays. 
By a reversal of the logic, this successful application may, of course, 
be taken to be the fifth verification of the existence of the limiting 
atomic number 143 in nature. 1 f represents atomic number 143, 
iV, that of the terrestrial element whose mass absorption coefficient 
is to be compared, the coefficient of A*, and that of the 
simple and accurate law is: - C, X 1 naturally in- 

v'crted the previous computation and derived as many coefficients 
for the terrestrial elements as I cared to find, and also determined the 
degree of Millikan's approach 10 observation of the most penetrative 
cosmic radiation possible. 

We do expect Millikan accufac}% but a simple calculation with 
use of the best compari^n coefficients known shows that his 
maximum penetration coefficient is just oneone hundred thousandth , 
or one in the fifth decimal place, short of absolute perfection, an 
accuracy in such a field that is hardly less than uncanny. It is 
Millikan's supreme accuracy' of observation, joined with the unex- 
P^ted accuracy' of the fifth power law, and WMth the previously 
demonstrated accuracy^ of my ultimate element, number J43, that 
results in the following rigorous deduction: The highly penetrative 
cosmic rayS;, w'ith reliably obser\'ed absorption coefficients ranging 
from ,18 to .30 per meter of water^ are the limiting radiations of ;h^> 
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K series of the X*tays, and are due to the atomic volcanism, or ex¬ 
plosive iransmutation, with mass loss of 4^ hydrogen units, of each 
of the upper 15 stellar elements, from atomic number 143 dowm to 
atomic number 129. Thus the cosmic rays observed by Millikan * 
constitute the most penetrative range, of the K radiation of the X- 
rays, existing* These rays are the ultimate invisible light emitted 
by the ultimate atoms* 

An inference by Millikan that “the frequencies of these cosmic 
ray's do not extend over into the X-ray region of frequencies” seems 
to tequ i re fu rther study. For, below the lowest elemen ts concerned 
in the observ ed cosmic frequencies there are still 33 other elements, 
able to furnish this form of radiation, before atomic number 96, or 
Uranium, is reached* It becomes, then, an interesiing problem to 
determine whether this missing band of cosmic radiation is some¬ 
where absorbed, or is yet to be disclosed by observation. 

The Accepted Atomic Table with its false atomic numbers and 
long periods falsely vary ing from 18 to 32, and widely adopted by 
chemists, physicists, and astronomers, cannot determine a true 
stellar terminal element, nor many of the other vital relations, and 
has now accordingly', let us hope, reached the utmost limit of its 
career^ 

It h not possible briefly to describe all the implications of the 
rare and radiant atomic ntimber 143= And yet it seemi fitting^ to 
rea^oTi from effect to cause and find that this stellar dementp OltinCp 
has, a.mong other things, in a new and emphatic mannern established 
the validity of my entire Fundamental Periodic Table of the Atoms^ 
whose seven systems of long periods of exactly iB atoms eacht and 
whose true atomic numbers and w'^hole number atomic weights, have 
disclosed the exact order in w^hich Univeisal Atomic Volcanism 
exerfcs its mightj'' forces in the heavens and m the earth. 

Such iheoretical and observational ialwrs on atoms and. their 
radiations are not destined to remain matters of pure science aLone. 
For several years my son and I have been planning to use the 
magnetic and electric disturbances emitted by the explosive trans¬ 
mutation of the terrestrial atoms as means of predicting both the 
confined explosions of the earthquake and the freer explosions of the 

^^Xlillikiii, Pw. Nalimal Actid. Si., 
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volcano^ and thus of contributing to the amelioration of the catas¬ 
trophes most dreaded by mankind. 

And now that the Millikan cosmic rays have been, ujiequivo- 
cably, shown to have their origin in the same order of atomic trans¬ 
mutation as that which is peculiar to volcanic action, and there has, 
also, been added to instrumental equipment such efficient means of 
testing for radiations as the Millikan ra^rding electroscopes, the 
prediction of volcanoes and earthquakes, and of their degree of 
violence, should promptly become a field of successful scientific 
effort. 

PniLAPaLmiA Obs^kvatoby, 

CexTBAt High School, PaiLivutLentA. 


UNIVERSAL ATOMIC VOLCANISM 

and the ultimate atom. 

By MONROE B. SNYDER, 

April ss, 

In a recent paper on " Universal Atomic Volcanism and the 
Millikan Cosmic Rays” I briefly indicated the applicability of the 
ultimate atomic number 143 to an exposition of the nature of these 
rays. Here it is proposed to discuss the origin and important rela¬ 
tions of the final atom in some detail. 

The recent work of Rosseland, Bohr, and Sommerfeld on the 
ultimate atom, although done flrithout knoTS'lcdge of my earlier 
result, points to the interesting reality of this inference, and to the 
probability- that all students of general atomic relations are finally 
to be brought face to face with the problem, WTnle largely but 
suggestive of the existence of the ultimate atom, the touch given the 
problem by these investigators is of the highest importance- 

1 find that about four years after my first solution' of this problem 
of the ultimate atom, Dr’, Rosseland* in 1923. f^m studies of todi^ 
activity in relation to atomic size, comes to the conclusion that there 
must be a limit to the atomic system. From a supposed approach 
of the electronic orbits to the nucleus of increased size at Uranium he 
reaches the inference that atomic number c}a marks the limit. 
Somewhat later in the same year, Bohr * from the quantum relation 
^ kc; 2 T^, by assuming the factor * = i, derived the value for 
N = 137, While regarding this number as indicative of orbital 
limitation about the atomic nucleus. Dr. Bohr neither discusses nor 
applies ihU maximum value due to the quantum theory. Sommer¬ 
feld,* however, in the recent fourth edition of "Atombau, October 
1924, essays discussion of the whole subject. In the first place by 
assigning M to the factor, a proceeding in violation of Bohr's indi¬ 
cation. he deri^-e3 68.5 for the limiting number, and suggests that 
this atomic number falling so near the end of the rare earths, the 
’^K-shell must no longer be capable of existing. “The K-electrons, 
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he says, "would fall into the nucleuSp in that they approach It 
spirally."' Furthermore Sommerfeld upon the hypothesis of the 
mutual perturbations of the electrons entertains "the enticing as¬ 
sumption" that possibly the atomic number, 92, may be the Hmil. 
Let us permit Sommerfeld to deliver his own closing opinion: 
"Whatever the decision may be/' he says, "the problem of the 
periodic system is in any case only then solved when not only the 
term mat ton of the individual periods within the s>^stem, but also 
the termination of the entire system at Uranium and equalling 95, 
can be explained.” "As we saw at the close of section 5 of chapter 
we have not yet succeeded in theoretically explaining the termina¬ 
tion of the periods with the numbers 2, B, iS, 32. On the other 
hand the termination of the entire sj^stem doubtlessly presents the 
more difficult and the more unapproachable problem. In this para¬ 
graph k is intended less to suggest the solution than the existence 
of the problem." 

That the problem of finding the limiting member of the atomic 
system was at this late date of 1924 a real one for Sommerfeld is 
at least encouraging to our arrival at the solution^ of the problem 
some three to five years earlier. Inasmuch^ also, as Sommerfeld* has 
critjcally adverted to tlie length of the periods of the Periodic Table^ 

I must here clearly indicate that it was the accurately determined 
reasons for limiting each of the short periods to and each of the 
long periods to 18, and in no case to 32, as demanded by the Accepted 
Peritxlic Table, that necessarily brought me to the problem of 
deriving the exact atomic number of the ultimate atom. 

The conception of a limit to the system of atoms natufalSy 
presents itself to many as the height of absurdit\% and yet the fact 
that this limit has now been seriously mooted in science suggests 
that finally every^ student of atomic structure must deal with this 
problem. I realised this necessity In 1919^ for 1 find that the first 
copy^ghted edition of that year of my "Fundamental Periodic 
Table" show's the sub-group of the rare gases extended toward the 
ultimate atom as far as it is possible for any of them to exist in the 
stars. The first attempt to determine a limit w^as, how^ever^ by 
means of a study of the electronic speeds necessar^'^ for the produc¬ 
tion of the Limiting frequency' of the K series of the X-rays^ Fot^ 
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this high frequency cf the electrons whirling about the nucleus of 
Uranium the speed came out at about t^'o thirds of the velocity of 
light. For a speed equalling that of light I found that the atomic 
number mounted to 141. Taking all the uncertainties of the data 
used in this computation into account 1 finally adopted atomic 
number 143, or the eighth member of the Chlorine sub-group and the 
last of the seventh long period as ^own by my Periodic Table, as 
tbe real ultimate atom. It accordingly received the name, UI tine, 
in my second copyrighted edition of the Periodic Table of 1921. 
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The second solution of the problem of the limiting atom was due 
to an asirophysical study of the formation and explosive trans¬ 
formation of the successive members of the rare gas group at the 
surface of stars- This solution requ ired the massing of astronomical 
data gathered from a number of distinct fields, and therefore can 
receive but little further attention here, 1 must, however, not fail 
to say that the apparently mythical rare gases Picon and Akron of 
■^my table, respectively atomic numbers loS and 126, have justified 
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the cumbrous method then used in inferring thenip and that they 
clearly point to the non-existence of the element number 144, just 
a whole period of iS elements beyond the ultimate Inert gas, Akron. 

The third and fourth proofs of the limitation of the atomic 
sy^stem will now receive detaited statement. They are based on 
observations by Dr. G. Hertz and Dr. R. K. Kloppers ^ of the first 
resonance potential and the ionizing potential of several members 
of the sub-group of the inert gases. 

One of the most important revelations of ""The Fundamental 
Periodic Table" has been the constant differences in atomic number 
and in atomic weight characterizing the sub-groups of the elements. 
These constant structural differences in atomic numtier and in mass 
have suggested that some of the physical properties dependent upon 
atoniic structure should also follow changes marked by a constant 
difference. Accordingly my test of the accuracy of the observa¬ 
tions of the first resonancep or excitatjon, potentials of Argon, 
Kry^pton, and Xenon p was to examine the decreasing potentials for 
constancy' of difference. It was in fine harmoriy wnth the w^elU 
accredited superior method and great accuracy^ of these observa¬ 
tions that I foundp as shovm in column IV. of Table I.p a constant 
difference of 1,6 volts- Reference to Hertzes ^ previous work re¬ 
vealed the fact that the first resonance potential of Argon had been 
observed as 11.55 volts. The decrease^ then, to Kry'pt^^* 9 - 9 ^+ gave 
a difference of i. 5 ^ voltSp and this difference applied down the sub¬ 
group of the rare gasesp column 11 I.p resulted in the non-existent 
atomic number 144 of zero resonance potential« or in an impossible 
atomic number precisely one greater than the ultimate atom, 
number 143, 

t Perhaps I ought here to remind those still believing in the au¬ 
thority' of the Accepted Periodic Table that no %alid reason is 
assignable for the discontinuous change from i 3 elements per long 
perichd to 32 as there used^ In passing it must be staled that the 
rare gas Astron* atomic number 72^ owes its discovery^ to the com¬ 
pletion of my Table* August In accord with the ^rly 

prediction of Hamsay and Travers ^ many of the properties of 
Astron have readily been derived from those of its congeners. While 
the stellar members of the rare gas sub-group can never be subjecC 
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to laboratory test, this has not prevented several important proper¬ 
ties of Pleon and Akron from becoming l^own. 

In addition to the resonance potentials mentioned. Hertz and 
Kloppersalsoobaer\'ed the ionization potentials as quoted m column 
VI. Here the difference is not precisely constant. From the diffi¬ 
culties encompassing such observations t inferred that one might 
fairly divone the probable constant difference, and ^is attempt is 
reprU^nted in column V. The assumed constant difference differs 
by but one-tenth of a volt from the first difference which is the more 
easily observed with accurao'. t was not a little surprised that the 
final isue of applying the assumed difference should be exactly the 
same as in the case of the first resonance potentials. Even wi^ the 
slight element of hypothesis here entering I incline to believe m the 
absolute validity of the resulting ionization potentials of col unin V. 
as set opposite each rare gas of the sub-group. Thus incidentalK 
the ionization potential of each of these rare gases is exactly pre¬ 
dicted. And here is also deduced the atomic number of a non¬ 
element which is one greater than number 143 of the ultimate atom, 
and for which the Ionization potential becomes zero. 

In this connection, it is interesting to note that the ionization 
potential of Radon, or Niton, has been predicted by Turner '* from a 
discussion of quantum defect as 27-5 ± i -B ' Olts, and by Glockler, 
by use of the .^ccepted Periodic Table, as lo.o ± 0.9 volts. The 
reviei*' of the atomic radius of Radon in relation to Eve’s rule by 
Glockler indicates clearly that there is a progressive decrease of 
the ionization potential, just as the Hertz-Kloppers’ observations, 
and my interpretation, also show, in the rare gas subgroup. The 
interpretation of these observations, by means of my ” Fundamental 
Periodic Table” as set forth in Table 1 .. places the predicted Ioniza¬ 
tion potential for Radon at 6.6 volts. This result for Radon, as 
well as for the ionization potential of each of the other rare gases of 
the subgroup, is with confidence submitted to any future accurate 
obscr\^atioiial test. 

On general structural considerations there ought to be some 
quantitative relation between the ionization potentials and the 
resonance potentials of the rare gases. But f was not prepared to 
'find the fact that the ionization potentials of column are exactly 
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four thirds times the resonance potentials of column f IL T have as 
yet found no theoretical reason for this curious ratio^ although 
convinced that such should exist. 

The fifth test of the ^'alidit>' of the derivation of number 143 as 
the ultimate atom has been an incidental product of the comparison 
of the K series X-ray mass absorption results of Barkla with the 
maximum mass absorption of the cosmic rays as obserA^ed by Milli- 
kan.“ In the earlier paper, I have already stated the i^eneral results 
of this comparison bj' means of the proportionality of the mass 
absorption of an element to the inverse fifth power of its atomic 
number. The comparisont in all its implications, seems imporiant 
enough to merit indication of the specific details. 

No one has yet, so far as t know', set forth the final explanation 
of the physical proeess 4 ^ acting in the mass absorptiGn of X-rays. 
The comparison of the mass absorptions mentioned has, howev-er, 
shown that the inverse fifth power law" of atomic number applies 
w'iih astounding accuracy in the casew'here the X-rays absorbed are 
of the maximum or limiting frequency of each K series. The 
Moseley law* then becomes absolutely precise, and, sSmultaneousty, 
the law" of mass absorption of the X-rays reaches its five half power 
stage for the same maximum frequeno'. With these two assump¬ 
tions, Kaye^s deduction of the law of the inverse fifth pow'er of the 
atomic number becomes thoroughly exact. 

Moselej^'s law. as used by him, in the Pkilosophical Afagasin€ of 
1915 ^nd 1914, is ^ a), w^here X ™ W'ave-length, N 

“ atomic number, and c is the constant of about 3.5. This formulat 
how^'ever, for the limit of frequency Irecomes accurately X*^« i /A^ or 
X « t/jV% A careful examination of the best observations of the K 
series of the elements show^s that it is this simple form of the Moseley 
law that is steadily approached as the frequenej*' inerc^es. The mass 
absorption coefficient has been observ^ed to vary' nearly as the five 
half power of the wavedength absorbed. It, therefore, is valid to 
infer that at the minimum wave-length this relation becomes exact. 
If M represents the mass absorption coefficient for water, or unit 
density^ and p the density, the general coefficient is jj/p. For the 
water absorption^ of the limiting frequencies, But it was 

found above that X oc i for limiting X-rays of the K series, and as" 
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these are used in the absorption experimentSp the absorption formula 
becomes or The application of this inverse 

fifth power law to the comparison of the mass absorptions of terres¬ 
trial and celestial X-raySp of the limiting frequency of the K seriesp 
should then proceed with full confidence in the precision of the 


results. In the actual use of this law’ in the computation of the 

atomic number, 
fully app^r. 

143. 

of tht ultimate atom its 
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The problem is now that of comparing the mass absorption 
coefficient of the ultimate celestial element^ yielding cosmic raysT 
with the mass absorption coefficient of each of a series of terrestrial 
elements as observ'eti by Barkla through use of X-rays of the K 
serieSp and recorded in column IV. of Table III. According to the 
Kay e-Owen law the mass absorption coefficient of an clement varies^ 
asshowm abovei proportionally with the inverse of the fifth powder of 
its atomic Jiumber+ For simplicity in printingp this relation will be 
expressed on the following plan: If iV. represents the highest 
atomic number possible> namely 143^ ^4 the atomic number of the 
terrestrial element whose mass absorption coefficient is to be com¬ 
pared with that of the former^ and C* ^nd respectively, the mass 
absorption coefficient of and JV*, the law mentioned su^ests the 
relations set forth in Table 11 . In this Table the fundamental 
relation, (3), between the four given quantities readily assumes each 
of the four explicit forms following it. 

The application of these relations has produced results w^hich 
are exhibited in detail in Table III. Column I, of Table HI. states 
the ^^Cosmic*' or accurate atomic numbers of the elements here 
under con.siderationt and, by courtesy, the usual erroneous atomic 
numbers of Tungsten—Uranium, a^ prefixed. Column IV, repro¬ 
duces the list, quoted by Kaye^ of Barkla's observations of [909 
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Bajitim 

K 

0,36 

0,195 

0.194 

*51.4 

58 i 

Cerium , 

K 

D,2^8 

0-164 

Or 163 

*S5 3 

74 7« 

Tiinjjitetl 

K 


0.637 

0.057 


78 $3 

Platinum 

K 


0.63p 

0.039 



Lead 

K 


0.033 

0.03J 


83 8T 

Biernulh 

K 


0l62J 

O.D3I 


90 ^4 

Thorium 

K 


6.015 

O.OI5 


93 ^ 

Umnium 

K 


O.013 

O.OI3 


74 

Cosmium 

K 


9.049 

0.048 


I* 

HaTniuni | 

K 


0.043 

0.042 


143 

Uliinc 

K 

4.6016 


0.0017905* 



and 1912 of the mass absorption coefficients, produced by the K 
series of X-rays^ for unit density, of the elements set opposite. In 
this column also the Si^me coefficient of utmost value, as observed 
by Millikan, jiatuially assumes its place opposite Ultine of atomic 
number 143. Column Ml. records the calculated atomic numbers 
of the ultimate atom as derived from the terrestrial absorption 
v'alucs of column IV. and Millikan^s maximum absorption value of 
■001S for the cosmic rays. By applying, for example, the cosmic 
absorption value and the absorption value for Copper in formula 
(6) of Table we have -V. — 29(5..22/.fJOi8)*^* « t+s.fl, or a 
number within Jt of the theoretical atomic number, 143, of the 
ultimate atom. The first sixteen similar results of column VI. 
furnish an average value of 142.6 for the calculated highest atomic * 
13 
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number. This outcome disclose* not only the approximate pre¬ 
cision of the Millikan observation used, but when all the natural 
uncertainties are considered, the high degree of accuracy of Barkla s 
difficult observations. 

Dr. Bohr in 1923 theoretically derived the atomic number 137 
for the ultimate atom, and has not submitted his result to any test- 
In 1921 I had announced my theoretically derived atomic number 
143 of the ultimate atom, and have now by the foregoing statistical 
test shown the validitj- of the prediction. This result, therefore, 
in and by itself challenges acknowledgment as an established fact 
of physics. But when the universe wide reality of explosive atomic 
transmutation shall become generally known, this outcome need not 
be discredited because it also has most intimate relations with the 
theory of universal atomic volcanism. 

The remarkable deviations of value for the computed ultimate 
atomic number which result from the use of Barkla s obsen'ations 
of the absorption of the assumed Elarium and Cerium were evidently 
due to a similar cause, the absorption coefficient for Br ^lm being 
about .07, and that for Cerium about ,09 numerically 'too large. 
It is noteworthy that at the time of these absorption observations 
the next heavier elements of the Cerium and Barium sub-groups, 
now known respectlvelv as Hafnium and Cosmiutn, were wholly 
unknown. The fact that atomic volcanism, or the explosive trans¬ 
mutation of atoms of the sub-groups, should produce a natural 
commingling of elements in a sub-group, a condition probably 
responsible for the inexact estimates by Barkla, was also wholly 
unknown. 

The foregoing success in computing the ultimate atomic number 
to a high degree of approximaiion led to the use of the same Milli¬ 
kan value of jOOJS in deriving the theoretical mass absorption 
coefficients of column V. This calculation was extended to the 
heavier elements for the K series for which the absorption has not 
yet been observed. And it was a simple step to deri\'e also the K 
absorption for the newly discovered elements. Hafnium and Cos- 
mium. As illustrative of this theoretical derivation, the Copper 
coefficient, with use of formula (5) of Table II., becomes C, “= .0018 

'■ X C143W = 5-^48- 
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The next step was, of course^ to assume the mass absorption 
coefficient of Copper, as observed by Barkla, to be accurate, and 
with use of the ultimate atomic utimber. 143* in formula (4) of 
Table IL, to find that C. = 5^^2(29/143)* = ^0017905. This 
theoretical maximum mass absorption coefficient for the K series of 
the X-rays differs from the Millikan value of .OOiS by but .CKX>01| 
and cmphaticall}' approves the high accuracy of the recent American 
experimental work on the cosmic rays. 

Both from experimental experience 1 and from the results of this 
discussion, Copper has been shown to be eminently fitted for a 
special determination of its mass absorption coefficient to the highest 
d^ree of accuracy. With the Copper coefficient brought to the 
highest precision It would be possible easily thus to secure a satis- 
factory" deri^'ation of the mass absorption coefficients of all the 
elements known and unknown. The coefficients of the elements 
here considered, as recorded in column V"I. of Table HI., have been 
derived by use of the above maximum coefficient based upon Copper 
5.22 of Barkia. They' are probably the most accurate available 
for these elements. It should, hence> be interesting to mate a 
detailed comparison of these results of column VI ^ with those of 
columns IV- and V. 

That, hitherto, there has been no theory by means of which the 
e.vperimental values of the mass absorption coefficients could be 
tested is showm by the incidental manner in wffiich W. H. Bragg 
and W. L. Bragg in the latest edition of their classical work have 
quoted Barkla's Table of 1909. recording the erroneous value of 
0-41 for the mass absorption coefficient of Silver, instead of the more 
accurate value of 0.46 for the same clement as given by Barkia in 
1912. Barkla's papers show the early difficulty encountered in 
Silver, and the justice of the later correction. Kaye, indeed, has 
understood Barkla’s preference for 0.46 and incorporated it in his 
lUt of coefficients, it is, therefore, significant that with use of my 
ultimate atomic number of t43i ond the absorption coefficient of 
-0018 by Dr, Millikan, the result for Silver is found in Table !H+ 
to be 0^1.69, and with use of the same ultimate atomic number and 
the computed ultimate absorption coefficient dependent on that of 
Copper 5.22, the result for Silver is 0.467. Both of these values are 
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in close agreement with the value of 046 of Barkla, and, therefore, 
ihe test of this theory- seems justified. The value of 0.41 for the 
mass absorption coefficient of Sih^r having thus been shov-m to be 
erroneous, it needs no further perpetuation. 

The application which has here been made of the atomic number 
143 of the ultimate atom to the elucidation of the nature of the 
cosmic rays could not have produced a decisive result but for the 
remarkable accuracy with which Millikan has determined the mass 
absorption coefficient of the most penetrative of these penetrative 
rays, It was indeed also the other complex and It^ical w-ork on 
these rays that placed Millikan first in the long line of investigators 
to furnish not merely an hypothesis of. but an irrefragible proof of, 
the cosmic origin, and the all-sided celestial approach of this notable 
radiation. And yet despite the precision and conclusive character 
of Dr. Millikan’s in^'estigations, providing unequivocal evidence of 
the cosmic origin of the long-discussed penetrating mys, the ebud 
of historic uncertainty still persists in the recent German dtscussbns 
of Hoffmann » and Behounek," claiming these rays to be of radio¬ 
active character. Hess.i* also, in renewing these discussions, and 
the work of Millikan and associates, in a paper on Die Ursprung 
der Hbhenstrahlung," does not seem to appreciate the finality of the 
assignment of these rays to celestial origin, else his title would not 
have doubtfully dealt with “The origin of the sk>'-rays," nor hU 
closing words emphasixed the unknown nature of these rays. 

Profound rect^nition is, indeed, to be accorded the painstaking 
balloon w'OrkofGockel, Hess, and Kolhflrtster. of igio-iOta- 
withstanding the degree of indefiniteness which had to cling to the 
deductions from these observations. And nothing less than prt^ 
found recognition is to be accorded the host of obsert'ers and theo¬ 
rists, who from every angle for a quarter of a centur>' have studied 
this strange penetrating radiation in search of a final solution. 

It is now, hqwe\'er, enough to know that Millikan has proved 
these rays to be of cosmic origin, and to be invariable day and night, 
proved their terrestrial transformation to be in consonance with the 
Compton effect, and, besides, determined their maximum mass 
absorption coefficient with such precision that it has permitted com- 
'' plete identification of the nature and intimate origin of these cosmic 
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ray-s, as ultimate X-rays of the K sertes, due to the ceaseless atomic 
volcanism, or the explosive transmutation of heaw atoms, m the 
stars. 

The theory' of atomic s'olcanism so unwillingly and yet tieces- 
sarily injected into these papers on cosmic rays and the ultimate 
atom should receive due criticism when it has achieved the publi¬ 
cation sought as a unit Investigation. But since atomic volcantsm 
is historically as.sociated with my discovery and proof of the ulti¬ 
mate element, and since t have naturally pointed to logic which is 
largely effective only through unpublished investigations. It must 
not be supposed that this unfortunate necessity suggests more (han 
a preliminary* toleration of the theory' of universal atomic volcan¬ 
ism. The tie between the ultimate element and this theory was 
too intimate to be wholly ignored, and yet the ultimate atom may 
also be considered with regard to its own independent claims. 

The atomic number 143 having been shown to belong to the 
ultimate atom, it follows that the development of my " Fundamental 


Periodic Table,” in that it is responsible for its suggestion, has a 
rightful claim to validity. Since this final atomic number appears 
at the dose of the table, and only In consequence of the special order 
of its development, there is reason to regard this order as the true 
order of nature. The atomic number 143 belongs to the Chlorine 
sub-group, and is the seventh Chlorine analogue, each of which 
marks the ending of a "long period” of 18 elements. If, then, to 
the atomic number 17 of Chlorine there is added the 7 times 18 
atomic numbers of the other elements of the Chlorme sub-group, the 
result is number 143 for the last and most remarkable of all the 


atoms. 


Retumbg still further into the history of the subject, it is to be 
noted that it was my discovery in 1904 of the distributive force of 
nature, w*hlch I call Atomic Volcanism, that led to the solution of the 
Periodic Problem of the atoms in 1918, and thence to the inference 
and publication, in 1921, in my second copyrighted Periodic Table, 
of the atomic number t43, marking the ultimate atom. 

This paper reviews five different methods of Inferring and deriv¬ 
ing the ultimate atomic number 143 as guided by a solution Ol the ^ 
Periodic Problem of the elements, two of these being based on the 
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Hertz-Klopp€r&'observations on resonance and ionization potentials 
of rare gases, the fifth computing this number approximately by com- 
paHson of the highest mass absorption coefficient of the cosmic rays 
with sixteen terrestrial coefficients by means of the taw of the inverse 
fifth power variation of the atomic number. Attention is drawm to 
the simultaneous accuracy of the Moseley law and the five half 
power law of absorption at the convergence of the K series of X-rays 
here considered, A method is shown of utilissing the ultimate 
atomic number in computing the mass absorption coefficients of the 
elements. The ultimate atomic number by Its relation to the most 
penetrating of the cosmic rays is, under the physical laws and ob- 
serx’atbns at hand, shown to certify these rays to represent the con¬ 
vergent radiation of the K series of X-rays. That these rays are 
due to the continuous explosive transmutation of the atoms, or to 
atomic volcanism, in the stars, is an inference supported by un¬ 
published investigations* 

PammELPHLx OesCfeVATOHV^ 

CENnHAL Hioa SCHOOC, PHlL.\nELPJIL<. 
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FURTHER STUDIES ON THE .^LLOTROPHY 
OF GERMANIC OXIDE. 


By JOHN HUGHES MULLER, 

Phitad^lphh. 

{Contribuihn from The Jchft HarrtjM Lfib^iraiefry cf the 
Utiiversky of Frnnsyhfffniar) 

Within the past several years it has been recognised that germani¬ 
um dioxide can be obtained in at least two distinctly different modi¬ 
fications» one of which is insoluble in water and decidedly inactive 
toivard aqueous solutions of both acids and albalis^ and the other a 
soluble form which possesses all of the properties commonly known 
for this metallic oxide. At tlie same time+ recent investigation has 
also disclosed the ptobahle existence of two forms of the soluble 
oxide, but as yet no method has been devised for their isolation.^ 

A brief summary' of the w^ork already carried out on the alio- 
trophy of the oxide Is as follows: 

Germanium dioxide in aqueous solution when carefully evap¬ 
orated yields a residue which is partly converted to an insolnhle form 
by heating to any temperature between 225“ and the melting point 
Tvhich lies near 1100* Cp The major portion of oxide so treated, 
howeverj remains soluble in pure waler^ and may be removed 
from the insoluble fraction by repeated extraction of the residue with 
hot water. 

The insoluble fraction, when heated above the melting-point^ is 
converted into a meta-stabte glass which Is easily and completely 
soluble in pure water. 

Study of the yields of insoluble oxide under different conditions 
of preparation indicated that the temperature of maximum velocity 
of transformation of the soluble to the insoluble form was about 
380^ C. 

When the time of heating of the soluble oxide was varied at con^ 
stant temperature, the ydeld of insoluble oxide increased in such a 

* Muller and Blank, A CAcin, 1924* 4^. tl, gJsS. 
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manner as to indicate that the conversion could never reach loo per 
cent., and for this reason and because the yields varied greatly with 
different preparations of the oxide (by evaporation), it seenfied 
probable that three allotropic forms exist and that the oxide obtatned 
b3‘ evaporation of aqueous solutions is really a niixtiire of two soluble 
forms, one of which has an easily measurable velocity of traosforma- 
tion, while the other either does not change at all or does so at a 
scantzely measurable rate- 

The glassy form of oxide prepared by heating any preparation 
of the oxide to above the melting-point (tioo“ C.), possesses no 
definite melting-point but is a tnse glass. It softens far below the 
melting-point of any other form of the oxide, and is completely 
soluble in water. Samples of this glass liave been preserved since 
the foregoing investigation and have spontaneously deviirified to 
an opaque white glass resembling porcelain. This is also compietely 
soluble. 

The insoluble form of oxide which can be conveniently called the 
alpha or stable form is chiefly disting^iished by its extraordinaTy in¬ 
ertness toward alkalis and acids, especially in its inactivity toward 
hydrofluoric add which dissolves any other preparation of the oxide 
with a hissing noise and evolution of much heat ( a fact noted by 
Kruss and Xilson as early as iSSj). After fusion of the inert alpha 
form, all of the commonly known properties of the oxide are regained. 

The follow'ing p^aper consists mainly of a further study of the 
comparative properties of the several forms of germanium dioxide 
with special regard to the following considerations: 

(a) Preparation of specially purified germanic oxide, from which 
single stock of pure material all of the insoluble or alpha form was 
prepared in considerably larger quantity than in prev lous experiments. 

In this operation it was also deemed advisable to prepare the 
oxide from an entirely different source in order to find out whether 
the formation of the insoluble modification had been infiuenced by 
the presence of some unknown constituent in the original zinc oxide 
residues w hich had been previously used as the source of germanium. 

(i?) Preparation of workable amounts of insoluble oxide in which 
a given sample of the soluble fonn is showm to be capable of complete 
transformation to the alpha form by repeatedly fractionating off 
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successjve yields of the latter from the same samjjle of the OKide until 
the residual soluble oxide had been reduced to a vtty siiiall fraction 
of initial amount, 

(r) Solubility of the insoluble or alplia oxide. 

(d) EJetemiination of die densities of the several forms o£ oxide, 
(f) X-ray spectral examination of ^^rious preparations of the 
oxide which may be regarded as definite proof of allotrophy on the 
part of germanium dioxide. 

The ,r-ray specEroscopii: data and inicrpTetatioii of the same are 
etitirely due to the work of Dr. R. W. Wyckoff of the Geophysics 
I^^aboratory of the Carnegie Institution of Washington. D. C.p to 
whom the writer is deeply indebted for his hind cooperation. 

Pr£HAIl\tion of Matekial. 

The germanium dioxide used in all of the experiments here de* 
scribed was obtained from a smithsonite ore from Li^dtigston County', 
Kentucky, The ore itself is low in germanium content, but a con¬ 
siderable amount of germanium oxide in crude state was obtained 
from large volumes of ?tnc sulphate mother liquors ivhich came from 
this source, the same having been prepared from waste zinc oxide 
which was converted to sulphate mainly for the recovery' of its 
germanium content. The recovery of germaniuni from smithsoiiite 
ore from this locality has tieen described in detail in a previous 
paper- 

Starttng w'ith a fairly high grade of germanium dioxide contain¬ 
ing Only a small amount of arsenic and perhaps traces of other metals, 
the following procedure carried out for complete purification. 
The Oxide was dissolved in a large volume of hot watcr^ and after 
addition of hydrochloric add to six normal concentration^ the whole 
w-as converted to sulphide. The sulphide precipitation w'ag carried 
out in such a way as to discard the lirst fractions of sulphide thrown 
down by hydrogen sulphide, for the small amount of arsenic present 
showed a strung tendency to concentrate in these fractions. The 
combined masses of white sulphide were converted to the ammonium 
tliio-salt by dissolving in dilute ammonia and ammonium sulphide, 
and the dilute solutions of the latter were carefully acidulated with * 
^ ^lullcr, A hid. i^ l6. 6 , 604. 
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dilttte hydtoclilorid acid in which the easily decomposable thio^ar- 
senate was cenverted to sulphide and the much mote stable thio- 
germanate mostly escaped decomposition. The filtrates were then 
treated with enough concentrated sulphuric acid to produce about 
six normal concentration of acid, and after saturation with hjdrogen 
sulphide under pressure, masses of pure white germanium sulphide 
were filtered off and washed. This fractionation, first described by 
Truchot, “Les Terres Rares,” was repeated several times, and the 
sulphide obtained was then introduced into water and boiled to effect 
hydrolysis and elimination of much of the sulphur as hydrogen sul¬ 
phide. The mass was then treated with nitric acid, and by frequent 
remoistening with the same, followed by ignition, the whole was con¬ 
verted to oxide- This oxide was converted to the tetrachloride by 
distillation in presence of constant boiling hydrochloric acid in a 
current of chlorine, and the chloride so obtained was hydrolyjted by 
collecting in receivers containing water. The major piart of the oxide 
separated in white crusts from the diluted acid in the receivers and 
was filtered off on buchner funnels and washed with cold water. 
Much germanium, of course, remained in the acid filtrates, but it 
should be noted that these were discarded as less pure fractions, while 
only the solid fractions separating from the hydrolysing chloride 
were used for the preparation of the final product. The product of 
this hydrolysis of the tetrachloride may be considered free from 
arsenic and could not have contained any impurities other than small 
amounts of chlorine due to incomplete decomposition. It should 
be borne in mind that the original fractionation of the sulphide by 
partial dccomposirion of the mixed thio-salts was continued until 
no test for arsenic could be obtained in the selected germanic sul¬ 
phide, using a method preriously described by the writer for detect¬ 
ing small amounts of this common contaminant of germanium prep¬ 
arations.^ 

The chlorine present in the washed “ hydrolyzed ” oxide was de¬ 
tected by treating the acidified aqueous solution of a gram sample 
with silver nitrate, and the bulk of oxide was then repeatedly treated 
with water, followed by evaporation to dryness and ignition. The 
• removal of the last of the chlorine was a long and tedious operation, 

1 MuMtr, CAcm. Sue.. ipZT. 43, 2540. 
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but was considerably aided by igniting the oxide in a current of super¬ 
heated steam until the escaping steam on condensation gave no 
further test for chloride. The oxide was then ignited and bnally 
dissolved in wateCp filtered to remove a small residue of insoluble 
oxide, and the solution was evaporated to dryness in a platinum dish 
on a steaTn-bath. 

It should be noticed that the complete dehydration of this final 
yield of oxide was not undertaken, as the high letTiperature required 
to effect the expulsioni of all water results in a partial conversion to 
the insoluahle or alpha fornL 

For this reason the of oxide was dried at 100* to 105* C. 
in air, removed from the platinum dish, and after powdering in an 
agate mortar, was preserved in this condition. The final yield of 
purest material amounted to about 20 grams and was exclusively 
used for all of the following experimental work. 

Preparation of Alpha or Insoluble Oxide. 

A portion of the pure soliiable germanium dioxide, prepared as 
above described, and weighing 11.3420 g. was dissolved in about 
1+500 cc- of water contained in a wctl-seasoned pyrex flask. Solu¬ 
tion was slow but complete after a number of hours heating to the 
boiling-point. The clear solution was decanted, in about one-quarter 
liter portions^ into a w'eighed platinum dish and there evaporated to 
dryness after cotnplete transference of the solution to the platinum 
vessel. The dish w-as then heated in an electric oven to the tem¬ 
perature of maximum velocity of t tans formation for some hours 
(See Table i). The dish was then re-w^eighed, giving total oxide 
dried at this temperature. The dish and contents W'ere then intro¬ 
duced into a two liter pyrex beaker and digested with about 1,500 cc. 
of water which was maintained at or near the boiling-point for sev¬ 
eral days. On cooling and allowing to settle for some time, the clear 
supernatant liquid was syphoned off from the dense residue of un¬ 
dissolved oxide, using a small alundum syphon filter coustrucied 
of a small alundum thimble and a 2 mm. bore glass syphon tube at¬ 
tached. of the clear solution was removed without disturbing 

the mass of oxide on the bottom of the beaker. The syi^hon was then ^ 
raised out of the beaker and the residue again treated with a large 
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volume of water, repeating the heating and use of the sjThon until 
nearly all of the soluble oxide was removed. The residual insoluble 
oxide was finally transferred to an ii cm, filter paper and was thor¬ 
oughly washed with boiling water, after which the major part of it 
was washed from the filter paper into a weighed porcelain crucible 
(too cc.). This operation gave two portions of insoUtble oxide-- 
hy far the greater amount together with water in the weighed crucible 
_and a small amount remaining attached to the filter. These quan¬ 
tities were determined sei>arately. the first by simple es-aporation and 
ignition, and the second hy a slow charing of the filter paper, with 
frequent moistening with nitric acid, and final Ignition to oxide. In 
this way it was possible to save most of the insoluble oxide througb- 
out the series of experiments without introducing the ash of filters 
or the products of the reducing action of the same upon the insoluble 
oside- 

The combined syphonates and wash-waters were collected in a 
large pyrex beaker in which the volume of the solutions was reduced 
by rapid evaporation. After this, the solution was transferred to the 
same weighed platinum vessel for recover)’ of the soluble fraction of 
oxide. The whole operation above described was then repeated with 
the "evaporated oxide," again fractionating off the yield of insoluble 
oxide, produced by again heating to the temperature of maximum 
velocity of transforination. 

As seen in the table which follows, ii-ST™ grams of completely 
soluble oxide as a starting-point was converted to 10,5678 grams of 
insoluble oxide, representing 93.17 per cent, of the initial qiiantity- 
A careful examination of the remaining soluble fraction which 
weighed 0,7909 grams failed to show any chemical difference existing 
between this oxide and a sample taken from the combined yields of 
insoluble oxide, for when the latter was fused to a glass and subse¬ 
quently dissolved in water, the solutions of both possessed identical 
properties. 

Frani the results shown in Table I it ap| 5 ears that highly purified 
gfenuanic oxide tan be converted to the insoluble inodificatioii by 
dissolving the soluble form of the oxide m water^ evaporating to dry- 
^ ness and exposing the residue to a temperature of 35®° 400® C+ 

for some hourSp finally extracting the unconverted fraction by re- 
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PftEl'AlLATION <i¥ INSOLUBLE GE^MAISIC OjCJPE- 


Xo, 

Wt-of 

SoluhlS 

OslH^e, 

Ems, 

Yield 0t 
Is^lLible 
Foirn* 1 
EPW- 

ed. 

Temper- 

amrt 

C. 

% Vleld at 
Itlsoluble 
Oxide 
Formed. 

CondltiooBi of Evaporatkia 
of Aqueoufi ScL 

t.. 

tt.^43G 

14330 

48 

34* 

I [.66 

On wfllcl- batt 100“ 

. 

ID.063S 

0.49J6 

1J0 

3 j 0 

4-*9 

Rapidly Iwikd till dry in 
plat- dish. 


9.57M 

0.4897 

43 

3S0 

5.11 

Sum? aa in fa). 

4- - 

SriaSj 

1.6666 

9* 

3*0 

18,^ 

Slow evnp. aE 60-90®r 

5' ' 

7444^ 

74031 

34 

400 

30.19 

EderW e^-^ip- at 75-S0”' 

6, , 

5^400 

0.9000 

10 

400 

18.54 

ConEtaill temp. 60® C- 

7 ' 

4>3^J 

*S379 

3* 

393 

10.98 

CooBtant temp. 90-95*. 

». J 

4-37*0 

0.6840 

72 

400 

IZ.0S 

Water-bath at about 90^ 

Q. - 

3*89* 

0.5756 

24 

400 

15.60 

Slowly on bath at So® 

10. . 


04416 

3 

400 

70-9T 

Waiei-bath at 

tl P- 

2,7700 

0r4435 

34 

410 

16.00 

Wuief-hatli at Bo*. 

l2r. 

24343 

04731 

24 

400 

20.44 

Wulcr-bath at about 73^ 


7.8460 

0.3966 

74 

400 

^1.48 

Coolant temp. *8-70^- 


1 1-4440 

O.S76S 

^-1 

40a 

19.16 

Condtant temp. 30-55*- 

15. . 


0-1913 

^4 

420 

j6.4J 

CoflStant temp^ 8o-ei^ 

itf. . 


0-0640 

12 

400 

*-6[ 

Coaiiaiit temp, pfi-i00®r 

*7.- 

0-9114 

0,0304 

J4 

400 

3^33 

Dritd at 95'* for 3 dayff^ 

IS.. 
10 -. 

O. 8739 

P. T 969 

0.17*0 

74 

400 

JO. 10 

Constant teinp, 70 ^ 74 ® 



10.5*78 

jTotal i 

Qiwlublt 031 

;ld0 ^93.17% 



pea.ted treatment with hot water* By regulating the temperature at 
which the initial evaporation of the aqueous solution takes place^ it 
is pcjssthle lu convert about one-fifth of the total residue of soluble 
oxide to the insoluble form. The best yields were ohlaitied by 
ev'aporation at low temperatures and then suddenly raising the resi* 
due to the temperature of rnaxtmum velocity of traus formation 
about 380“ to 400® C. From the widely dtflfering percentage yields 
obtained, it is eAident that the conditions under which the evaporation 
of germanic oxide solutions arc carried out greatly influence the effect 
of the final heating of these residues- (Obsen'C experiments 3 * 
16, and i/p as compared with the much higher yields of the insoluble 
oxide in all cases where evaporation w-as carried out at lower tem¬ 
peratures.) 

In several exjjerimerits (not showm in the table) p in which tire 
solutions of oxide were driven rapidly to dryness by violent boiling . 
the yields of insoluble oxide became negligible in quantity^—the 
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finely divided non-adherent oxide so produced remaining in the water 
soluble condition. 

It is important to note that a single sample oi oxide can be prac¬ 
tically all converted to the insoluble form by repeating the process 
U|X>n the constantly decreasing yields of soluble fractions. !n the 
case at hand, the combined insoluble fracltotis obtained by eighteen 
operations amount to 93.1? per cent, of the starting product. Frac¬ 
tionation was not continued beyond this point because it was advis¬ 
able to compare the properties of the remaining small amount of 
soluble oxide (0.7909 g.) with the insoluble oxide prepared from it 

For this purpose approximately the same weight of insoluble 
oxide from the combined insoluble fractions was taken, and after 
fusing to a glassy mass at 1 lOO* to 1200* C, in a platinum boat, was 
dissolved in water* Portions of this solution were compared with 
the solution of the soluble fraction, working with aliquot portions of 
each solution at the same concentration. Both of these solutions 
show'ed exactly the same liehavlor with all the reagents commonly 
used for the detection and estimation of germanium, and hence must 
liave been chemically identical. The use of the spectroscope, how¬ 
ever, did indicate an appreciable amount of sodium and a trace of 
potassium In the solution prepared from the soluble oxide residue, 
while only traces of sodiotn and no potassium could be found in that 
prepared from the solution of the melt from the insoluble form. 
This was doubtless due to the long-continued evaporation of the 
solutions of soluble fractions in pyrex vessels. 

SOLVBILITY OF THE AlFHA FoRM OF GeRSIASIC OxiDE. 

The total yield of insoluble germanium dioxide from the above 
described experiments amounted to 10.567® S- vrhich g.322^ g. 
had been obtained free from filter ash or other impurity. The latter 
amount was placed in a pyrex flask fitted with ground pyrex return 
condenser attachment and treated with boiling water for a perinod 
covering several w'eeks to remove traces of soluble oxide. The diges¬ 
tion w'as continued until 100 cc. portions of filtered supernatant liquid 
showed the same amount of dissolved oxide. The residual mass was 
then thoroughly washed with boiling water and washed from the 
filter into a silica dish in which the mass of oxide was brought to 
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of water used was thrice redistilled, using a biqci 
tin condenserp distilling first from alkaline pemianganatCp then in 
presence of a little sulphunc acid, and finally alone. The first por¬ 
tions of distillate w^ere of course rejected. 

About 2 g. of the insoluble oxide were placed in a well-seasoned 
pyrex flask of about 250 cc. caiiadty and digested with water for 
over two weeks in a thermostat. The temperature was kept at 
25.0° C. (^0.01® C.) wHth contiiuioiis agitation. Just before tak¬ 
ing off samples of the filtrate the agitation w^as discontinued, and 
after the dense undissolved oxide had settled, about Soo cc. were 
s^^phoncd off through a dry filter and caught in a stoppered bottle 
of known itveight. The solution w^as w'dghed and then evapcsraied 
to dryness in platinum and the residual oxide w^eighed after ignition 
to full redness. 

The solubility of the saote oxide w^s determined at too* C* in 
much the same manner, with the added requirement of a steam 
jacketed filter and syphon for the removal of the solution at 100° C. 
Results w^ere as follows: 

loo g. water at 25* C dissolve 0.OQ045 g. of oxide 0,0000.2). 

loo g, water at 100* C. dissolve 0.00117 g, of oxide (=t 0.00002), 

From the above results it w^ill be noted that the alpha form of 
germantc oxide is about 1000 times less soluble than the soluble 
mochfication, and like the latter, about doubles its solubility betiveen 
the ordinar)' temperature and the boiling-point of water. 

Den’sjties of Different Forms of GESw:AJilc Oxide. 

The densities of the ^^rlous forms of oxide w'ere determined 
through the use of anhydrous toluene, prepared by distillation of the 
latter over sodium and redistillation of the anhydrotis liquid alone. 
The complete insolubility of all three forms of oxide in toluene had 
been prc’^nously established by allowring the oxide samples to remain 
in toluene tor several days and subsequently evaporating lO cc- por- 
dons of the filtered liquid to dnmess in platinum. No weighable 
amount of residue w^as obtained. 

Three forms of oxide were obtained as follow^s: Eight grams of 
the insoluble oxide ivere ground in an agate monar until thoroughly 
mixed and divided roughly in half. One-balf was then dried to 
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constant weight at about 400® C and used for determinalion of the 
density of the insoluble modification. 

The other half was fused to a clear glass at 1350° to 1400“ C. 
in a capsule made of thiu platinum foil, after which the rapidly colled 
glassy oxide was obtained in a single piece by stripping off the 
platinum foil. The clear glass was then reduced to powder in a 
diamond mortar. This was used for determination of the density 
of the glass. The oxide used in the above experiments was recovered 
almost entirely by pouring off the toluene from the pyknometer in 
each case and mixing and fusing the recovered oxide to glass after 
w'hich the yield was again divided in half and used for the prepara¬ 
tion of the evaporatedand " hydrolyzed " forms of the oxide. 
For this purpose one-half of the fused or glassy form was jjlaced in 
pure water in which it was completely soluble, and the aqueaus 
solution was evaporated in platinum to dryness at So® to 90"* C. and 
finally at 150" to 300 ® C. in an air oven, (Higher Ecmiierature 
could not be used because of the formation of mote or less of the 
insoluble form.) 

The otlier half of the glass was placed in a disttlling bulb under 
a little 20 per cent. hydrcxJiloric acid, and the mixture distilled at 
about 100*’ C allowing a little hydrochloric acid gas to enter the 
flask from time to time. lu this way most of the germanium passed 
over as tetrachloride tjelow the hoiling-point of the acid in the bulb, 
and the oily tetrachloride was catight in a receiver containing pure 
water* The major part of the germanium separated as the hy¬ 
drolyzed*' oxidep the white crusts of which were removed by filtra¬ 
tion- The solid mass so obtained was washed with a little cold 
water and finally dried at 100® C, remoisteaing and dryir^ several 
times, follow^ed by re-e^'aporatiou at 150“ to 200® C., as in the case 
of the ev^poraterl oxide. This was used for determining the density 
of the '"hydrolyzed” form. 

The following restilts express the means of two determinations 
for each form of the oxide: 

InsolublE^ cr aljplia {orm*. **..*..*.**..**, + .*-- + --*-.. ^6.oojg— 

Solubh form,. . J.S205— 

Soluble Glasity farin........................... 

Soluble bjdroTyzed fonn, * * *, * *. * *. * * ^ .*..,.*...... j.biiS— 
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X-kay S|ieclra of Gcrtiwnie Oxidt IiidkaliiiK Twtj Allcilropic Modlfiwtbusi. 
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From the above results it is seen that the stable or alpha modiR- 
cation not only conforms to the expected property of posses&tng a 
greater density than any metastable form of the same substance but 
that this value of 6.0039 is not far from double the densit}^ of the 
metastable glassy form which was produced by simply melting the 
same sample. 

The other two preparations were as before stated prepared from 
^ glassy (fused insoluble oxide), by subsequently dissolving in water 

and evaporating to dryness or distilling off the tetrachloride into pure 
water from hydrochloric acid. 

It is thus evident that all these forms can be obtained from the 
same mass of insoluble oxide and that their respective densities are 
distinctly different froni each other. 

X-Ray Spectroscopic Examinatiozc. 

Samples of alpha. hydrolyzed/' evaporated/' and glassy ger¬ 
manium dioxide above obtained, together with similar preparations 
which liad been prepared by MuHer and Blank about three years 
previously, were examined by Dr. R. W. WyckofF at the Geophysical 
Laboratoiy, ^^'ashi^gton. D. C. The X-ray spectrographs obtained 
appear in order as follows: 

(flr) Alplia gemianiiim dioxide (insoluble form). 

(&) Germanium dioxide prepared by melting the alpha lorm {rioo" 
to 1300"), dissolving the melt in water and distilling off the 
tetrachloride into water, washing the solid product of “hy¬ 
drolyzed ** oxide, drying at 105* C. 

(c) “ Evaporated oxide made by fusing the alpha form and evap¬ 

orating its aqueous solution to dryness on water-bath, finally 
dry^ing at 105* C 

(d) Glassy form prepared by fusing the alpha form. 

(c) Old sample of glassy oxide which had spontaneously dcvitrified 
after over a year standing. 

(/} Old lot of “ hydrolysed " oxide after about three years' standing, 
(p) Old lot of “evaporated '* oxide after about three years' stand- 
ing. 
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From the above diffraction patterns, quoting the mteqiretation of 
Dr. Wj-ckoff. “all ex«pt (a) and (d) appear identical both in the 
position and in the relative intensities of their diffraction lines.” 
"The five preparations of the soluble oxide — (ft), (c), (Op (/)* 
and (p)^are essentially crystalline, and consist of the same modifi¬ 
cation of germaniuni dioxide. These might, of conrsc, be composed 
of two or more modifications present in practically the same relatit'e 
proportions.’* 

"The powder photograph from sample ( 5 ) is totally different 
from that given by the five preparations just mentioned, and there¬ 
fore the structure of this, the alpha form, is totally different from 
that of the soluble form.” 

The photograph of sample (d) shows a more or less uniform 
blackening without evidence of diffraction lines. This was taken 
from the sample of tlie insoluble or alpha form after fusing to a 
glassy mass at iioo* to isoo* C. It is a true glass, (c) is inter¬ 
esting because it shows the effect of the spontaneous devitrification 
of the same glass on long standing and likewise shows that the 
devitrification results in formation of the same pattern as that of 
the soluble modifications and not that of the alpha form. 

From these considerations and the foregoing data it is interesting 
to note that any sample of germanium dioxide, soluble or insoluble, 
may be converted to a true glass of much Imver specific gravity than 
the original sample by simply fusing the oxide at any temperature 
above i ioo® C. and that this metastable glass may then be dissolved 
in water and subsequently be converted to either the alplia form or 
a metastable soluble modification, both of which are j:hown to be 
ciy'Slalline but of different slroctures respectively. 

It has already been mentioned that a third crystalline form of 
gennanic oxide probably exists which is soluble in vi‘ater and so far 
not separable from the soluble oxide preparations obtained by evap¬ 
orating aqueous solutions of gerraanic oxide. This follows from 
the peculiar fact that different conditions in the temperature of eii-ap- 
oratton before finally raising the oxide to the temperature of maxi¬ 
mum velocity of transformation results in widely varying yields of 
, the alpha form from a single sample of the oxide. 

If a third form does exist, no method has been devised by which 
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such soluble forpis may be separaled, but k i$ possible to prepare 
Iwd samples of the soluble oxide by evaporating under conditions 
which favor a maximum yield of the alpha form and under those 
conditions favoring a negligible yield of the same^ and then subject¬ 
ing these evaporated " oxides to .r^ray spectral examinatioD before 
they are heated to transfomiatiDn temperature. This may show that 
the photographs, (B), (C), (£), (F), and (C), represent the com¬ 
bined patterns of these two forms, and at the same time disclose the 
existence of iri morphism in the case of germanium oxide vrhich 
would be analogous to the familiar behavior of titania, as seen in 
rutile, anatase and brookite. Examinations of such preparations of 
soluble germanium dioxide are now being made by Dr. Wyckoff^ the 
results of which will appear in the near future* 

SUMMAftV AND CONCLUSIONS. 

1. Germanium dioxide jn a high state of purity can be converted 
to an insoluble or alpha tnodification, remarkably inert toward all 
of those reagents w'hich ate commonly reactive with the previously 
known oxide. 

2. The preparation of germanium oxide from widely different 
sources does not have any influence on the preparation of the alpha 
or insoluble oxide. 

3. The solubility of the alpha form has been determined. 

4. The densities of the alpha form, the fused oxide or glassy 
form, and several other preparatioiis of soluble germanic oxide have 
been determined^ The alpha form is by far the most dense form of 
the oxide, possessing a density of 6,003^ as compared with 3.3037 
for the glassy or fused oxide. 

5. Through the kind codpemdon of Dr. R. W. Wyckoff of the 
Geophysical Laboratorv% Washington, the various preparations of 
oxide lia%'e been examined. Their .r-ray spectrogrepTis show the 
filpha form to be of totally different diffraction pattern from any 
form of the soluble oxide. 

PuaLADELI-tflA. Pa., 

Afuil 1926. 


THE METABOLISM OF URIC ACID. 

By WITHROW MORSE, B.Sc,. AM., Pn.D„ 

Prejtssof ef Chemistry and Toxiteleiy, Jtffersott Mtdkai 

Phihdeiphia. 

IXTRODUCTIOS. 

Uric acid is of inter^t to at least two groups of students: 

1. To the biologist: As later paragraphs will show, uric acid ia 
an important product of substances in the nuclei of cells. The 
^"chromatin” of the biologist is called "nucleoproteinby the 
chemist. 

2. To the physician: Uric acid enters into the interest of the 
medical student in different ways: 

(a) It is used in diagnosis of certain lesions connected with the 
kidney. ThtiSt in bichloride poisoning, uric acid is not passed into 
the urine from the bloodp but is '‘retained" as the term is used and 
the degree of retention is a measure of the damage to the kidney. 

(fr) It is doubtless intimately involved in gout and may be the 
cause of this disease. 

{£) It is found in kidney stones and for this reason holds an 
important place in urology\ 

(d) Its insolubility' in body fluids, slightly changed from the 
normal is probably responsible for its deposition in the blood¬ 
vessels of old age. Since uric acid and its salts* the urates of 
sodium and ammonium, are soluble in alkali, certain waters, called 
“lithia waters.” ''carbonated waters/" etc.* have been sold and 
hydrotherapeutic sanitaria have long been sought by sufferers from 
kidney diseases. The fact that the Government has suppressed 
advertisements of such waters as cures for uric acid diseases indicates 
that this function is held in disrepute. 

Slides were shown during the prteentation of this paper showing 
advertisements in well-known, standard journals published in 
Europe, proving that such restrictions are not imposed abroad- 

The OrKjIS of Utitc Acid. 

We have said that uric acid is a product of the metabolism of the 
nuclei of the cell. The question remains^ what substances are us^ 
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by the body in making the chromatin (nudeoprotein)? There are 
three chief ziub^Uncea in chromatin, leaving aside protein, namely 
(i) phosphoric acid, (2) glucose and (3) two sorts of nitrogenous 
substances, one of which gives rise to uric acid when burned. We 
should look, then* for substances in the body containing these three 
materials, or from which they could be dcri%'ed. Such a substance 
is realized in lecithin, a phosphorized fat occuning in active cells; 
the structure of lecithin, compared with that of nucleic acid, the 
acid of nudeoprotein, which is a salt, protein being the basic part, is 
shown in the following schenne: 


Lecithin contains: 

I. Phosphoric acid. 

2 - Organic substances: 

d. Glucose-derivative (glyc¬ 
erol). 

t. Nitrogenous substances: 
ChoHn^ a substituted 
ammonium hydroxide. 

The Composition 


Nucleic acid contains: 

1. Phosphoric acid. 

2. Organic substances: 

a . Glueose-deriva tive, or 

glucose itself. 

b. Nitrogenous substances: 

(1) Pyrimidin. 

(2) Purin (precursor of 
uric acid). 

OF Urjc Acid* 


fn order to show the manuer m which the chromatin of the cell is 
composed, it is necessary to resort to the following diagrams: 

Nucleoprotein 
"chromatin ** 

(a salt, having, as all salt3 do) 

I 

1 _ 

Basic part Acid part 


Protein. 

(A simple protein Nucleic acid 

like protamin) (Composed as follows): 

Nucleotid I 
Nucleottd [1 
Nucleotid III 
Nucleotid IV 
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Each nudeotid is Hnk^ with its fellow by a simple oxygen bondp 
Each nucLeotid, in its turn, is composed as follows: 


Phosphoric 

actd 


Glucose 


Nitrogenous 

stibstance. 


It IS possible to remove the phosphoric add, in which case, one has a 
‘"nucleostd'": 


Glucose 


Nitrogenous 

substance. 


Finally, one may cleave the nudeosid and obtain the nitrogenous 
substance free from glucose. Of the purins which occur in the celh 
there are two, namely, adenin and guanin- Guanin is partJy 
oxidised, adenin not at all, while uric acid has three atoms of oxygen: 

CsHfiNi .... ^t ^,,,,, Adenin 

C^HiNaO .Guanin 

CjHjNiOj. , . ^. ,Unc acid. 

The conversion of cell-punns into uric acid is done by means of 
enzymes which first cause the loss of nitrogen (compare the amount 
of nitrogen in uric acid with that in adenin, or guanin); secondly, 
they cause the oxidation of the remainder of the purin; thb causes 
the formation of t^xy-purins. From adenin, the o3t>^>purin, hypo- 
xanthin is formed; from guanin, santhin. Xanthin may form, also, 
from hyposanthin. The relations with uric acid are as follows: 

CeH^NiO. .. Hypoxanthin 

. . .Xanthin 

C^H^NiOj.. . *.. Uric add* 

The enifymes causing the loss of nitrogen C‘dem alnases'") are found 
in all tissues, but the ones causing the oxidation of adenin to hypo¬ 
xanthin and of guanin or of hypoxanthin to xanthm and xanthin to 
^ uric acid occur only in the liver. Hence the liver is the organ in 
which uric acid is made. 
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Uric AciDt Abnormally. 

One disease in particular is mtimately connected with uric acid 
mctabolismi namely^ gout. In the United States, gout does not 
ocxur as frequently as it does in Europe and especially in the British 
Isles. A tentative reason may be the prevalence of chilling w'inds, 
laden with dampness; for it is known that such conditions, in which 
the body heat is rapidly withdrawn by the excess moisture of the 
air, are augmentative of gout. A perhaps more potent reason is 
that alcohol taken with meals tends to cause a retention of uric acid- 
In the United States, alcohol is used, when used at all. as a be\ erage 
and not taken with meals as frequently as in Europe. In order to 
account for gout^ It is necessaTy to show that there is an increased 
amount of uHc acid in the blood, from some source. The excess 
uric acid injures the kidney tissue and that organ, which normally is 
responsiv'e to changing amounts of the acid in the blood, becomes 
irresponsive- As Folin has shown, excess uric acid, as for instance, 
when injected artificially into the bloodi, causes swelling and other 
pathological states in the kidney. Eating meat, free from sub¬ 
stances with a large proportion of nuclei in the cells, tends to cause 
uric acid to be lost from the body in the urine. Such substances as 
the following contribute to the uric acid ol the body. 

Sweetbreads, liver, steaks veal, hami chickent beans, lent!is. 

The following are low in uric-acid-produclng substances: 

Fish, potatoes and vegetables other than legumes. 

Uric acid is deposited in the kidneys bladder and ducts belonging 
to the urinary' system. These deposits are called "calculiWhile 
alkalies, as we have said earlier, dissolve uric acid and its salts 
outside the body, the solutions must be of such a strength that they 
injure the tissues of the body when injected into the body for the 
purpose of dissolving the calculi. Hence it is quite improbable that 
the medicinal waters aid in the cure of uric acid ston^. Nor is it 
possible to correct for uric acid abnormalities by keeping the urine 
in an alkaline state, as may be done by the administration of fruits 
and fruit-products. Moreover an alkaline urine is conduci% e to the 
development of bacteria. 


200 


MORSE-THE 34ETABOUSM OF URIC ACID. 


The Fate of Uric Acid. 


No problem in phy’i&iology has been quite so baffling as that 
concerning the disappearance of uric acid. It %'as questioned for a 
time whether any destruction of the substance occurred in the 
human bcxly. Experimental proof seemed to show that man and 
the higher apes resembled one another in that they did not destroy 
uric acid. Now, howev'er, k seems certain that uric acid is destroyed 
in the body and especially in the blood. It has been known for 
some years chat uric acid may be converted with comparative ease 
into a somewhat similar substance, aiianioin, by causing uric acid to 
become oxidized under controlled conditions. Allantoin is uric acid 
minus a molecule of carbon dioxide; that is, the acid has lost one 
carbon atom. The excretion of allantoin in various animals was 
intimately studied by Andrew Hunter and reported in the Fro- 
ceedings £he Royal Socitty of Canada. Allantoin is decomposed 
into urea and excreted as such into the urine. 


Tests for Allantoin. 


In order to follow the destruction of uric acid it has been hitherto 
necessaiy to resort to a quantitative meihod, requiring a prolonged 
interval of time and many manipulations. No test, readily applied, 
has been described« The Wiechowskt method involves such a long 
time that its use is limited. The desideratum of a reliable quali¬ 
tative and quantitative test is recognised by ev^eryone and there has 
been much work directed towards deriving such methods. 

The writer, taking advantage of a familiar procedure, known 
as the test of Adamkiewiczs, proposes the following method for 
recognizing allantoin: Conversion of allantoin into urea and 
glyoxalic acid and conjugation of the latter with an Lndol substance 
to form a colored compound readily recognized. The equation 
representing the conversion of allantoin into the two substances 
mentioned is as follows; 


0 = C 


H—N—C—O—H NH, 


C =0 



f 


H—N—C 


N—H H— 0 —C =0 

Glyoxatic add 


AlUntoSn 


Two ureoj. 
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The glyoxalic acid is then conjugated with indoh a commercial 
preparation^ to form a colored substance^ indicative of allantoin. 
The sensitiveness is at least 1:1000. 

The test does not lend itself to adaptation as a quantitative 
method, although for rough approximations it may be used. 

It is hoped by this or other qualitative and quantitative method 
to follow the destruction of uric acid and the disposal of the products. 
Perhaps, then, a means can be found for artificially causing the 
destruction of uric acid in pathological states. 


THE NEWER KNOWLEDGE OF THE PHYSIOLOGICAL 
ACTION OF ULTIL 4 -VIOLET RAYS. 

By ALFRED HESS, M.D.. 

Nfw 

The es^ntial Importance of til tra-violet ray a in medicine has 
ju5t be^n to be appreciated. The action of these rays, as distinct 
from the visible radiations of the sun, has been known for many 
years, but physIoIo|:bts have only recently become fully alive to 
their significance in relation to normal and pathologic conditions of 
man. This is all the more surprising in view of the fact that plant 
physiologists have laid great stress on the r^le of the invisible or 
chemicalrays of the sun in the biologic processes of the vegetable 
w'orld. Some twenty' years ago, the physiologist Hertel carried out 
striking experiments in this field, w hich demonstrated the marked 
abiotic pow'er of ultra-violet rays—^their ability' to destroy bacteria 
w'ithin a period of sixty seconds. About the same time, Finsco 
showed that the improvement or cure of lupus could be brought 
about by means of irradiations from the carbon arc lamp, and that 
this remarkable effect was due to the ultra-violet rather than to the 
visible radiations emitted from this source. Rollier’s excellent 
results in cases of bone and glandular tuberculosis by exposing the 
body to the sun have likew'ise been attributed largely to the ultra¬ 
violet rays. How^ever^ these various experiences failed to focus the 
attention of biologists on this aspect of physiology. It was not 
until it tx>u 1 d be showm objectively in man and In animals, by means 
of the roentgen ray and by chemical analyses of the bloody that a 
nutritional disturbance—rickets—came about as the result of a lack 
of the ultra-violet solar mys, and could m turn regularly be pre¬ 
vented or cured by these irradiations, that their importance in 
physiologic and j>athologic processes was fully appreciated. 

Th^e rays constitute less than t per cent, of the total solar 
radiations, and it is therefore all the more remarkable that they 
should prove to he essential to the w'eU-being of man. The youngt 
rapidly growing infant thrives better when deprived of the visible 
rays than w hen deprived of the ultra-violet rays of the sun. It is an 
illustration in another field of what w'e have recently become sensible 
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of in regard to nutrition—the lack of relationship^ one may aluLost 
say the inverse relationship, between abundance of supply and the 
indispensabtthy of food constituents. The vltamines furnish a 
striking example of this principle. The law of the vital importance 
of the minimLim applies to the radiations of the sun—those rays 
which are furnished in smallest amount and in least intensity are 
nevertheless indispensable. 

What is known regarding the action of thee short radiations may 
be summed up in a few words. It has been repeatedly shown that 
they possess exceptionally little power of penetration ^ that the 
dust or the moisture of the atmosphere suffices to absorb the shorter 
ultra-violet rays and prevents from reaching the surface of the earth: 
that mist, fog and smoke intercept their progress to a greater or less 
degree. This is true even of the tenuous skin that surrounds the 
hen^s egg. Ordinary window glass filters out all but the longer and 
less potent of these rays, allowing the passage only of denatured sun- 
light, which still retains all the semblance of the beneficent radiance 
of the sun. 

The relationship of rickets to the ultra-violet rays has already 
been referred to. Indeed, the most reliable index of the activity^ of 
these rays on the animal organism is the biologic response of rickets^ 
The reaction of this disorder affards a valuable criterion for the 
study of the phv^iologic action of these rays; and the utilization, of 
this prcx:edure, both in man and in animals, during the last five 
years, has been our main source of knowledge in regard to this 
important aspect of physiology' and pathology'. Rickets is charac¬ 
terized by a disturbance in the mineral metabolbm, which is mani¬ 
fested by an alteration in the structure of the bones and a diminution 
of the inorganic phosphorus or of the calcium of the blood. Both 
of these abnormal states arc rectified when the infant or animal is 
exposed to the sunlight or to the ultra-^dolet radiations from an 
artificial source. How this remarkable action is brought about 
remains to be determined, and constitutes one of the fundamental 
questions in the biology' of the cell. So widespread is this action of 
the sun's rays that there is a seasonal tide in the percentage of 
phosphorus in the blcxxi of infants in the temperate zone~an ebb 
and flow corresponding to winter and summer- These changes 
constitute the action of sunlight in relation to rickets. 


2 tM HESS—ACTION OF ULTRA-VIOLET RAYS. 

The beneficent radiations are highly specific: a difference oJ 
about 25 millionths of a mitlimeter determines whether the rays are 
of specific curative value, or whether they are inert in relation to 
rickets. Furthermore, there is a marked seasonal variation in the 
ultra’^dolet radiations of the sun, They are weak during the winter 
months, and in the early morning and evening—-poor not only in 
quantity but in qualit>’. It is laigely this difference in quality which 
accounts for the fact that rickets prevails throughout the temperate 
zones and is almost non'existent in the tropics. If we compare the 
actual amount of sunshine during the five winter months in the 
various cities of the United States and Europe w'ith the five corre¬ 
sponding months in some cities of the tropics and West Indies, we 
find that there is no real difference in the amount of actual sunshine; 
the difference lies in the quality' or intensity of the ultra-violet radi¬ 
ations w'hich is so much greater in the tropics due to the smaller 
annual fluctuation in the zenith distance of the sun. The dominant 
factor in relation to the activity of solar ultra-violet rays is not 
quantity but quality. " 

There is likewise an indirect action of the invisible rays of the 
sun, as has recently been brought out by the observations of Hess 
and W'einstock. as well as by Steenbock—a power in ultra-violet 
radiations to produce an antirachitic factor in plants, in vegetable 
oils, etc., endowing them with the potency to prevent rachitic 
changes in bones. Refined wheat flour, dried milk, vegetables and 
other foods can be rendered rickets-protective by short exposures to 
the radiations from the mercury' vapor lamp. (Chart I.) A series 
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of experiments has shown that the €hemkal substance which is 
activaied by the rays is the cholesterol in anintal foods or its counterpart, 
the phytosterol in vegetable foods. It has long been known that 
cholesterol is present in almost every' animal cell and phytosterol in 
almost every' vegetable cell. For this reason cholesterol has been 
the object ol study for many years: howe\^er, physiologists have 
been unable to associate it specifically with any organ or with any 
normal or pathologic fuiiction of the body. It is^ therefore, of 
peculiar interest that cholesterol, which is inactive in its ordinary 
state is found to acquire antirachitic potency after having been 
subjected to ultra-violet radiations. {Chart 2.) 
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As is well known, cod-liver oil is also a specific for rickets. How 
are we to asscKiiiate a common activity to iw'o such divergent agents 
as fish oil and ulEra-\dolet radiations? At first this riddle seemed 
most mysterious and confusingp but now' that we know that ultra¬ 
violet rays acti%'ate cholesterol the solutmn is simple. In the first 
place, the superficial layers of the skin are rich in cholesterol which 
i^dily explains the mode of action of these rays w^hether coming 
from the sun or from an artificial source. Funhermorei it has been 
found that the oily part of cod-liver oil is inactive In relation to 
rickets and that the effective moiety' is the so-called ^'non-saponifi- 
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able fractionof which cholesterol forms an important part. This 
cholesterol is composed largely of inactive cholestemU but partly of 
the specific activated form which the cod has consumed in its foodp 
bnt which has the solar rajns as its ultimate source of eIleTg>^ i t will 
be sceiip therefore^ that we are supplying the same substance to the 
infant, whether we give cod-iiver oil or whether we expose its body 
to the ultra-violet radiations of the sun or the mercury- vapor lamp. 

An interesting example of antirachitic activation In nature is 
furnished by cocoanut oil. It has been found that almost the sole 
v^etable oil ivhich possesses antirachitic value is the oil of the 
cocoanut^ olive oih cotton-seed oil and linseed oil are practically 
inert in this respect. A recent experiment readily explains this 
peculiarity. It was found that cocoanut oil is antirachitic only 
when it has been prepared from copra which has been dried in the ^ 
sun; that which has been kiln dried is just as inert as other vegetable 
oils. ] n other words, the copra has been activated by the tropical 

SUHh 

In closings the question may be raised as to the relation between 
activated cholesterol and the vitamines. Has a vltamine been pre¬ 
pared in the laboratory by means of subjecting cholesterol to ultra¬ 
violet radiations? At the present time this question is purely 
academic^ There is no agreement as to the definition of a vitamine, 
nor as to what substances should be included in this ever-increasing 
group. It is quite probable that w ith increased knowledge as to the 
chemical constitution of the vitamines It will be found that they do 
not constitute an entity and do not belong together* Whether or 
not we regard activated cholesterol as a vltamine, it is of interest and 
wotild seem to be of physiologic significance to have elaborated by 
means of ultra-violet irradiation a substance of essential importance 
for the nutrition of the growing animal. 


DISCUSSION OF THE KINETIC THEORY 
OF GRAVITATION III. 


SoiiE Experimental. Evipence Sufportin<j Theory; Contistjal 
Generation: of Heat in Some Igneous Rocks and Minerals. 
Reuvtion of This to the Internal Hrat of the Earth and 
Presumably of the Sun. 

BY CHARLES F, BRUSH, 

(R^ad Aprii 

At the Minneapolis meeting of the A liter Jean Association for the 
Adtunceinent of Science I liad the honor to outline "A Kinetic 
Theorj^ of Gravitation/'^ which is in suhstance briefly as follows: 

The ether is assumed to be endowed with vast intrinsic kinetic 
energy in wave form of some sort capable of mottve action on parti¬ 
cles, atoms or molecules of matter, and propagated tn straight line5 
in ever}'' conceivable direction so that the wave energ>^ is isotropic. 
The waves are of such frequency, or otherwise of such character, 
that they pass through all bodies without obstruction other than that 
concerned in gravitation and the slight heating effect described in 
the present paper^ and perhaps other slight effects. Distribution 
< 3 f the ether's energ)- is assumed to be uniform throughout the uni¬ 
verse except as modilied by the presence of matter. 

Each particle or atom of matter is regarded as a center of ac¬ 
tivity due to its energ}' of translation initially derived from the ether^ 
There is continual absorption and restitution of the ether^s energy, 
normally equal in amount; but the ether is locally robbed of as much 
^f its energy' as is represented by the mean kinetic energy of the par¬ 
ticle or atom. The particle or atom thus has a field of influence ex¬ 
tending in ^11 directions, or casts a spherical energy' shadow, so to 
speafcp the depth or density of the shadow varying with the inverse 
square of distance. The energy shadow of a body of matter is the 

^ Science^ March lo. i^afurr, March aj, l^ll. 
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sum of the shadows of [ts constituent parts. The energy' shadows of 
two gravitating bodies interblend, so that the energj' density between 
them is less than elsewhere, and they are pushed toward each other 
hy the superior energy density, or wave pressure, on the sides turned 
away from each other. 

That the ether really li endowed with vast intrinsic energy in 
Same form or forms is the belief of many eminent physicists, and 
it seems highly probable that all energ>- lias its source and destina¬ 
tion in the ether; that is to say, that energy in all the various forms 
in which we obsene it, comes in some way from the ether and is 
energy of the ether. This view does not in any manner conflict with 
the principle of conservation of energy. In this connection I beg 
to propose the hypothesis that the ether is abstract energy—energy 
pure and simple —free energy. 

In support of my contention that etherial energj- is the cause and 
essence of gravitation. I wish to empliasize particularly, what 
to me an obvious fact, that the energy acquired by a falling body 
comes from the ether, and is restored to the ether when that body 
undei^ocs negative gravitational acceleration. 

In this connection I cannot do better than quote Lord Kelvin’s 
description of the collision of two very large bodies through the in¬ 
fluence of mutual grai-itation. In his “ Popular Lectures and Ad¬ 
dresses ” (Vol I., 4 * 3 ”- 4 f 7 ) 1 ^^ says; 

*' To fix the ideas think of two cool solid globes, each of the same mean 
density as the earth and half the suns diameter. Riven at rest, or nearly at 
rest at a distance asunder e^iual to twice the earth’s distance from the sun. 
They will fall together and coNEde in eMclIy half a year. The coltision will 

for about half an hour, in the course of which they will be transformed 
into a violently agitated incandescent fluid mass flying omwaril from the lint 
of tuolicn before the coTItsion and swelling to a bulk several times greater than 
the sum of the original hulks of the tieo globes. . . , The time of flying out 
would pvobably be less ihaij half a year when the fluid mass must begin to 
fall in again towards the axis. In semething less than a >aar after the first 
collision the fluid will again be in a state of maximum crowdiuR towards the 
center, and this time even nmre dolauly agitated than it was immediately after 
the first collision: and it will again fly oulivard. but this time axially towards 
the places whe^e the two globes felt. It will again fall inwards, and after 
a rapidly subsiding series of iitiicker and quicker oscUIatioms it wilt ■titbswlr. 
probably in the course of two or three years, into a globular star oi abtnit the 
same mass, beat and brightness as oitr present sun. 
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Ufidoubtedly this is substantially what would happen under the 
conditions named: The two cold bodies would actjuire /roMt some 
source exienml to thcnisehcs the vast energy represented by the heat 
of a 5un^ heat suflicient to maintain eiiOTinous radiation mitUons of 
years with tittle diminution. And this vast accumulation of cnerg>' 
would Occur in half a year, largely in the fffrif fcti* days before colli¬ 
sion. There is, to me, no conceivable source of this energ)^ other 
than the ether. It may be argued that the two cold bodies, as a 
gravitating system, initially posse.ssed all this energy^ in the form of 
** potential energy of positionThis is a most convenient expres- 
iiion, but it affords no explanation of the source of the energy until, 
as r pointed out at the Washington meeting, we tahe the energy'- 
endowed ether into partnership as an essential part of the system. 
Certainly the enerijy could not be resident in the tw'O cold motionless 
globes. For a homely illustration, think of two golf hails joined by 
a stretched thread of rubber: tivey form an attracting system and 
possess ** potential energy of position or separation, but the energy' 
does not reside in the balls, it is in the stretched rubber thread. 

t>atcT in his description Lord Kelvin says: 

*' It, instead of being: at rcyt initially. - ■ ■ each globe had a transverse 
^iclociiy of three Quarters (or anjfihlug more than ojf) ol a kilometer per 
iecotirdi, they wtiuEd escape cotlisicmi, and would revolve in ellipses round iheir 
coniiricpn center ol inertia isi a penod of one just grazmg each other s 

suruce evenr' t[me they tame to the nearest points or their orbits," {Ajsum- 
iug of cour^ tb^t the globes were sufficiently rigid to escape disruption by 
tidal forces.) 

The globes in falling from aphelion to perihelion would gather 
the same amount of energy that they did in the case of collision, 
where their motion was arrested and their kinetic energy was thus 
converted into heat; but wHthout collision the vast energy acquired 
during posiiive acceleration from aphelion to perihelion would dis¬ 
appear during negative acceleration from perihelion to aphielion+ and 
be transformed Ixick to tbi ether w'hcnce it came, with complete 
restoration of all initial conditions. 

The sun and planets of the solar system, and the planets and their 
satellites, liecause of the excentririty of their orbits, continually go 
through the same kind of cvvle descril>ed by Lord Kelvin, differing 
from that only in degree. For instance, the earth in its six months* 
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passage from aphelion to perihelion falls about 3 k(xx),cxx> miles 
the sun, and gains in orbital ’^'elodty about ^ mile per second. 
It thus aec^uires new kinetic energy from the ether which, if it could 
be manifested as hsit, would be sufficient to evaporate all the oceans^ 
lakes, and rivers, heat the dry earth to vivid tncandescencep and 
vaporize much of it; the earth would become a miniature sun. And 
all this energy is restored to the ether during the next half year 
while the earth ss moving from perihelion to aphelion. 

With the idea in mind that a falling body gathers energy^ from 
the ether, and restores all of it to the ether when raised the same 
distance against gravitation, by my means, homely examples arc at 
Once suggested ; thus, a stone thrown upward and falling again, docs 
it in the reverse order^ and a common clock petidulum goes through^ 
and repeats the cycle with almost the regularity of a sun and planet. 

In the theory' of gravitation under discussion, the only new pos¬ 
tulate is that some or much of the etherintrinsic energy^ Is kinetie 
and consists of some sort of isotropic wave motion or energy flux, 
whereby a disturbance at any point in the free ether is ultimately felt 
everywhere else^ diminishing in intensity^ of course^ with the inverse 
square of distance from the seat of disturbance. 

It is not difficult to conceive of kinetic energy in the ether quite 
apart from matter. Radiation is one form of such energyp and when 
once launched in the ether it is persistent and quite independent of 
its source. Interstellar space is alive with wave energy^ radiated 
from countless suns, and at points far removed from any single sun 
this energy is approximately isotropic. This known isotropic wave 
energy^ in the ether of space is unsuitable in kind and too feeble to 
play any appreciable part in gravitation, and I call attention to it 
only for the purpose of showing tliat one sort of free isotropic wave 
energy in or of the ether in celestial space is a known phenomenon. 

Isotropic ether wave energy' exists everywhere in any closed space 
at uniform temperature, an evenly warmed room for instance. In 
such case every part of every surface of objects in the room as well 
as of the enclosing walls, ceiling and floor radiates and partly re¬ 
flects exactly as much heat as it receives from other radiating sur¬ 
faces. (If this were not so, there would be local heating or cooling 
which vve know never occurs.) This becomes obvious when w'C re- 
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memlier that ratliation, absorption and ro-radtatioii betwcm wami 
bodies is not qualitatively conditioned on temperature difference, 
hut goes on just the same when temperatures are equal. 

Emission and absorption of radiation by matter demonstrates 
an intimate interrelation between ether waves and atoms. 

We know that different trains of light waves may pass through 
the same point in any number of directions without obstructing or 
interfering with each other in the slightest d««rec, and this with 
confidence is assumed to be true of the waves or trains of waves 

concerned in gra’vitation* _ 

Perhaps the ether waves concerned in p:mvitation are not the 

transverse kind known to us, but are longitudinal or otherwise con¬ 
sist in an energy flux which, by reason of its universal presence, has 
not been manifested except by gravitation. ll seems quite possible 
however that they are transverse electromagnetic waves of extremcfy 
high frequency, /or beyond the frequency of the gamma rays from 
radium. Since the original paper was written it has been found 
that very high-frequenev ether waves, on account of their frequency, 
may embody great energy; and the higher the frequency, the more 
readily do they pass through matter without absorption. 

The foregoing synopsis of the theory under discussion is prin^ 
cipally quoted from the first "Discussion’'* w^ritten m 1914. 

Gravitation Waves and Heat. 

Heat is often defined as an agitation of atoms and moleailes of 
matter, and measured by tlie total kinetic energy of stich agitation. 
The agitation consists partly in internal vibrations of the clastic 
atoms and molecules and spinning about their various axes, and 
{tartly in a wry rapid translatory motion among themselves. Thus 
they are supposed to dart about in every conceivable direction, con- 
stantlv colliding with each other and rebounding or glancing m new 
directions. The kinetic energy of this translatory motion constitutes 
seasiblt heat (not total heat) and is the measure of ffni/crofirrc. 
Anything (such as absorbed radiation) which stimulates the internal 
vibration of atoms or molecules likewise increases their translatory 
Am. Phil. S«t.. V6i. UIL, No. 21 j. J^ianf-May, lOM- 
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’1‘elocities by the increased vfolence of retjouml afier collbion, and 
thus increases their temperature j and T7>r 

All the above is known to be true of gases and \^por^ (kfnetic 
tbeoo' of gases), and is generally beSieved to ]ye true of liquids and 
solids. 

The mvafi free path and the " wvan vchiciiy '' between colli¬ 
sions of the molecules of many gases under slated conditions have 
been computed. But it has also been shown mathematically that 
the higher and lower velocities, and the longer and shorter paths 
differ greatly from the means, and may in each respect vary twenty or 
more times in amount. Doubtless this is true also of liquids and 
solids. 

Ceminly the free path of atoms and molecitles in solids must 
Ije very short^ but quite as certainly there niiist l>e sciiine space for 
movemeni because we ktiow that the attmis or molecules of solids 
are not in contact, Anri diffusion of csisntigvious metals into each 
other proves migration of the atoms or molecule.^ just as in gases, 
though vastly slower, as we should e?£|ject from the extreme short¬ 
ness of their free |iaihs. 

From the fortuitously wide V'ariation in velocities and free paths 
of the billions of \ibrating atoms or niuteciiles in their heterogeneous- 
movement, it follows that collision fre<tiiencres must also v^ry greatly, 
from instant to instant, every w-here in a bfjdy of matter. 

Probably the |>ostiilated gravitation w-aves are not confined to 
one frequency; but have a wide range of frequencies as do the well- 
knowm X-rays. 

With the foregoing in mind it is easily conceivable that some 
kinds of matter may liave atoms or simple molecules or complex 
molecules of occasional viUration frequency corresponding wuth some 
gravitation wave frequency', whereby fortuitous resonance can, for 
brief instants, be established at various |xjints. This would result 
in a slight increase of vibrational activity and a cumulative rise of 
general temperature, perhaps sufficient to be detected. 

A body of such matter, with some thermal insulation, would be¬ 
come and remain pennanently wamier than a neighboring body 
similarly circumstanced, but not endowreth or less endowed with the 
|icrmissive heat-geneniting quality. 
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The abtJve hypothesis has Ijeen my guide in a very large amount 
of research work in this field. Commenced many years ago* it has 
I)een pursued intensively during the past year, and during the last 
eight months 1 have liad the most promising success as indicated by 
the title of the present paper. 



In the work of many years ago, several forms of apparatus were 
tried, but the One about to be described was firtally adopted, and with 
slight modificattons has been used in the work of the past year. 

Figure i is a diagram of the apparatus eniployed. ^ B repre^ 
sent two large sih-ered Dew^ar vacuum jars selected to have verj^ 
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nearly equal thermal insulating efficiency. They are supported in 
a wooden rack inside a thick copper cylinder C, packed in granulated 
cork in a wooden box £. D is a paper extension of C, packed with 
layers of felt by removal of which and the loose copper cover of C 
easy access is had to the Dewar jars. The copper cylinder weighs 
23 5 kg. and its functions are. by reason of its large thermal capacity 
and high conductivity, to protect the Dewar jars from any rapid 
change of temperature, and from temperature stratification. 


The box E is surrounded by a much larger wooden box P lagged 
with a thick layer of felt. A long resistance wire is strung back 
and forth m the air space between the boxes at the bottom and four 
sides of E. Electric current controlled by a thermostat warms the 
wire, whereby the temperature of the air space may be ntainlained 
very nearly constant as many days or weeks as desired. A ther¬ 
mometer T, easily read to hundredths of a degree, indicates the tern- 


peiBture of the ait space. 

Returning now to the core of the apparatus: A’ is an airtight 
cylinder of thin copper, 15 cm, high and 64 cm. in diameter pro¬ 
vided with an open axial ttit# also of copper, A sithII round oi>en- 
ing at the top of A' permits the introduction of a weighed quantity 
of water, after which the opening is tightly corked to prevent any 
change of temperature by evaporation of the water, B’ is another 
copper cylinder just like A' except that it has a removable top to 
permit the introduction of the substance whose thermal behavior is 
to be investigated. The high thermal conducttritj' of these copper 
cylinders prevents temperature stratification within them. The 
Dewar jars are filled above the copper cylinders wdth lavers of felt 
and granulated cork, and eovered with waxed cardboard carefully 
sealed on to prevent temperature difference inside the jars which 
would follow unequal loss or gain of moisture by the felt and gran¬ 
ulated cork. A small thin glass tube, flanged at top and closed at 
bottom. IS located in the axis of each Dewar Jar and extends from 
the waxed cover nearly to the bottom of the enclosed copper cylinder. 
The glass tubes contain the ends of thermo-electric couples of fine 
constantan, copper and iron wires, i iron-constantan and i copper- 
constantan junction at the bottom of each tube. The leading-out 
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wines zirt copper, and connect the thermo-couples with a reflecting 
gEilvanomcter having; the customary reading telescope and scale. 

In using this apparatus, the metal to be tested, in the form of 
bars or a cylinder with suitable axial bone, was placed in the copper 
container B% and a carefiiUy weighed quantity of water just sufficient 
in thermal capacity to equal that of the metal (or other substance) 
under test was placed in the copper container Then the whole 
apparatus was assembled as shown, the “ air space was raised 
slightly afxjve room temperature by the heating wire before described 
and thereafter kept at nearly constant temperature by the thermo¬ 
static device already mentioned^ Galvanometer readings vrere then 
made several times daily until they became eonslant^ which usually 
occurred in four or five days* 

Se%‘eral metals were tested in this maniter, but in no case was 
there found any observable temperature difference between the con¬ 
tents of the Dewar jars until hardened steel was tried. The steel 
was found to be considerably Tvamier than its surroundings, but the 
excess of temperature very slowly declined, though still observable 
at the end of some weeks* This was the initial discovery of an im¬ 
portant phenomenon not before known, the “ Spontaneous Genera¬ 
tion of Heat in Recently Hardened Steel.'' I investigated this phe¬ 
nomenon extensively during tlie next few years, and published se\'- 
era! papers on the subject.^ 

About a year ago I resumed work on the present subject and 
have followed it intensively ever since- Some small changes were 
made in the apparatus of Fig. i: The copper containers A ^ B were 
siKijr plated and highly polished, and the central tube of each was 
tightly corked at bottom and top, the upper cork having a small hole 
at its center in which the small glass tube containing the thermo¬ 
couples fits snugly; this to prevent air circulation. A very long- 
stemmed precision thermometer^ easily read to half a hundredth of a 
degree, and passing throngh cover of box F, layers of felt in D and 
cover of copper w^cll was instaUed to keep track of temperature 
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inside the copper cylinder or “ well.” All thernrometers are read 
vi-ith a telescope. 

It was found that when the thenno-couples were completely short- 
circuit^ outside the calorimeter, the galvanometer often gave small 
dcRections of either sign when there happened to be a change in 
rmm temperature and air currents prevailed. This was traced to 
slight temperature differences between sonw of the several joints 
of somewhat different metals in the galvanometer structure. This 
source of error was nearly, but not quite eliminated bv enclosing the 
galvanometer with a closed vertical cylinder of thick'copper having 
a Small hole in its side for viewing the mirror. 

When, in the regular course of work, the smaller deflections are 
under observation, the thermocouples are short-circuited after each 
reading, the galvanometer is tested for error as above, and suitable 
correction, jf any. js made in the reading. Such corrections are 
never more than a very small fraction of the deflection. The gal- 
viinometer is of the swinging-coil type with powerful pennanent 
magnetic field. Its working circuit is opened and closed by an all- 
copper knife switch located well away from the observer and lamp. 

Many metals have Iwen tested in addition to those of years ago, 
ranging from tungsten, of great density and high atomic weight, 
down to aluminum of small density and low atomic weight, and also 
carbon m the form of graphite, of still less density and atomic 
weight. But m no case was any generation of heat detected. 

Next, several simple and complex alloys were tried. Some of 
these generated appreciable heat; but in every instance this was 
traced tu Q>;idaLidn. 

Meanwhile, a campaign on minerals and rocks was planned par¬ 
ticularly igneous rocks, for the following reasons: It is generallv 
lielteved that many millions or hundreds of millions of vears ago the 
earth was an incandescent molten globe - and that it has gradually 
cooled to its present thermal condition by radiation of heat from its 
surface. But there is ample reason for the further belief that the 
interior of the earth is still very hot, hot enough to melt the most 
refractory rocks were they not kept rigidly solid hv the enormous 
gravitational pressure to which they are subjected. Escape of in- 
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ttrnal heal certainly must still be going on by slow conduction 
through the earth’s cool crust, and radiation into space. As Lord 
Kelvin ha.s expressed it (Thomson and Tait's ** Natural philosophy. 
Appendix D, On the Seailar Cooling of the Earth )> 

“ TIh: fact that the temperature trvcrcasea with the depth implies a conliuuat 
toK Qi h^Lat from the intener, by cftiKlurtlmi cnitwards thrciugh or into the 
Upper ermt. HcTM;e. smce the upper erwst does itut become hotter from year 
to year, there mus.i be a secular losi of heal from the whole carthL 

This clearly indicates that the earth is conlinually radiating heat 
into space faster than it receives radiant heat from, the sun. \et 
there Is much geological evidence that the earth s surface has not be¬ 
come colder by more than a very few* degrees, if any, rn millions of 
years, 

Several hypotheses have been propose<i hy eminent physicists to 
account for the niaiiitenance of the earth's internal beat, Ruther¬ 
ford Radio-active Substances and I’heir Radio-actionSp Seettou 
2G0) estimates that the radio-activity^ of the materials of the eanh's 
crust is sufficient to account for it. Thisn howeverp involves the as¬ 
sumption of a rather small temperature gradient in the crusty based 
on the evidence of a few deep mines and borings on the land areas. 
But we have no means of knowing what may be the temperature 
gradient in the beds of the oceans^ which form very much the greater- 
pi:^ftion of ilie earth's crust. 

My owm thought was tliat the maintenance of the earth's internal 
heat might perhaps be due. in part at least, to a continual small gen¬ 
eration of heal in some of its constituents by gravitation ether waves 
in the nrtanner already outlined; and possibly this might be sufficiently 
large to he detected. 

This surmise has l>een supported by the result of experiments 
With some basaltic rocks and volcanic lavas, and some minerals ^ that 
is to say, unmistakable generation of heat has been observed, some 
of which, at least, is thought to be due to the postulated gra\Htation 
ether waves. 

Presurnahly an ideal material for experimentation would be some 
of the very hot molten magma of the earthy quickly cooled to pre¬ 
vent crystalliaation and segregation of its const ilueuis. Of course 
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this is quite unobtainable; but perhaps some basalts aud lavas do not 
differ from it very greatly. They consist of complex igneous sili¬ 
cates, and mixtures of silicates. 

I have observed some generation of heat in a basalt from Lint^, 
Rhenish Prussia. This is very fine grained, nearly black and ex¬ 
tremely hard and tough. Following is a careful analysis of this 
rock i 

TABLE r, 

Avalvsis of BaSAtr FftCM Lixra, Rhenish Prussia. 


Silica . . . . . . ... 4 

A.llli:ihlXia .. . ... ... .T.r-I'i r + . + i + l-*- + + ‘' •- + ■■# + ■■•■■■■■■ ...^. . . 1 6 'ra 4 - 

Ferric Oxide.... h. . i. * . ^ 

Ferrcrtis Qxide.. .... . . . . .. . . . . . 

Calciyirt Oxide........... ii-33' 

Masrncsiiirn Oxide........ 9-97 

Potassiurn Oxide... ....... i-S^ 

Sodium Oxide. . . . . . ... . ... ajo® 

Loss below 105" C, + + . . . . . . . ......74 

Loss at red heat^^^ 


99^2 

.A trace oi manganese was found. 

Let us consider the origin of liasaltic rocks. My thoughts on 
this subject run as follows: When the earth^s surface, for a depth 
of many miles, was still in a moken state, cooling at the surface 
gradually formed a pasty crust greatly tom and crumpled by tidal 
action. As cooling progressed, most of the large family of siliceous 
minerals cry stallized out of the liquid magma as lowering tempera¬ 
tures Equitable for their formation were reached. In due time (mil¬ 
lions of years) the surface of the thickening crust became solid and 
comparatively rigid, and doubtless had greater density than the still 
liquid magma some miles beneath iL As cooling further progressed* 
and the solid crust thickened* lateral shrinkage caused cracks to 
occur ifi the crust from time to timCp here and there, over the earth's 
surface. Whenever a considerable crack or fissure occurred, the 
molten magma from miles below welled upward through it, owing 
to the greater density of the crust above, doubtless enlarging the 
fissure by scouring action* and spread laterally over the solid earth 
crust; in many cases covering hundreds and even thousands of 
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square mileSp as m Idaho, Oregon and \^‘ash^l1gto^p and sometiities 
a mile or more in thickness as shown by the Snake River can^-on in 
Idaho. 

The extruded molten niagma^ thus spread over large areas of 
comparatively cool earth crusty and exposed to dtreet surface radia¬ 
tion, must have solidified quickly^ and with little segregation of its 
Constituents by crystallization: Hence some ba-salts from great depths 
may nearly represent the original fluid magtrm of the outer shell of 
the earth. 

Surety there must be very many large hetds of basaltic rock on 
the beds of the oceans, because the period of such formations long 
antedated the appearance of condensed water on the earths 

Dense volcanic lavas are much the same in character and composi¬ 
tion as basaltic rocks, though probably in most cases extruded from 
le&ser depths. 

Experimental Work with Some Basalts, Lavas and 
Minerals. 

After some preliminar)* work with the apparatus of Fig. i just as 
described, a modi lied procedure was adopted and adhered lp+ as fol¬ 
lows: Each rock or mineral was crushed (not ground) to coarse- 
sand size^ with numerous siftings, until it all passed through the 
sieve. Then the dust and very fine grains were removed by a much 
finer sieve and rejected.^ This left a umeture of coarsOp medium and 
small grains much better adapted to close packing than if the grains 
w'cre of uniform sizei The crushed material was then spread in a 
thin layer and left exposed to the air of the laboratory for several 
days to acquire room temperature and normal hygroscopic cqndidou. 

The copper containers A\ of Fig. i were removed, and a 
weighed quantity of the ground niateria! was poured directly into 
one of the I>ewar jars and gently rammed down to reduce its volume 
to minimum. A closely- fitting waxed card-hoard disc with a small 
hole at its centerp was placed on top of material to preventt or greatly 
retard migratiDn of moisture between the material and the fdt and 
gTanulatcd cork above it in case of any difference in hygroscopic 
condition. Next, the small glass tube for the thermo-junctions was 
inserted through the central hole in the disc, the felt covering and 
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granubted cork added, the small tube worked downward to final 
place, and all sealed in a$ usual. 

If a cylindrical mass of crushed material as above described 
generates heat. loss of heat occurs not only throu|jh the Avails of the 
containing DcAvar jar, but aJso to a small extent in the axis of the 
cylinder by conduction upward through the central small glass tube 
and its contained thermo^ avS res; and this heat must be supplied by 
slow conduction through the materia! closely contiguous to the tube. 
Undoubtedly a larger heating effect would be obseiwed in the ap¬ 
paratus if there were some air space between the tube and the crushed 
material through which transfer of heat from a larger surface of 
niaterial to the tube could be made by convection. 

Prior to removal of the copper containers A' fiiw Avhitc sill- 
cious sand* preAnousIy ignited in presence of air to destroy any or¬ 
ganic matter and ferrous iron that might be present, was compared 
with H^ter in the then usual manner^ without the slightest obserrablii 
generation of heat. Hence this material was used thereafter as the 
standard for coinparison. Nine hundred grams of sand was found 
a convenient quantilvv and filled about five-eighths of tlte other Etewar 
jar^ which was equipped with Avaxed cardboard disc^ central small 
glass tubc^ felt and granulated cork, and sealed as already described* 

Xone of the rocks and minerals subsequently tested for heat 
generation differed much from the sand in specific heatp and in each 
rase a Aveighed quantity was used just sufficient to equal the sand 
in thermal capacity. 

Subsequent procedure Avas as follows: The pair of Dewar jars, 
one loaded with sand, the other loaded with the material to be tested, 
Avere placed in the copper Avell of the calorimeter and covers put iu 
place, all as shown in Fig. ^ During the next ntany hours room 
temperature,*" box temperature” (in tbe air sjiace) and "well 
temperature (in the copper aa'cII) were observed from time to time, 
and temperature controls (room and box) were so manipulated as 
to bring about substantially constant well temperature as soon as 
practicable, usually in a day or two. After a few bours, galvan¬ 
ometer deflection readings w^cre commenced- Electrkal connections 
were such that if tbe material being tested happened to be at first a 
little warmer than the sand, tbe defiection Avas right-handed (plus) ; 
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it a little cooler, the deflection was Left-handed (mintis). But this 
niade no difference in the amount or sign of the final permanent de¬ 
flection, if any. 

Thereafter, during a whole experiment, the temperature and gal- 
s'anometer readings were taken and recorded three or more times 
daily. Temperature equilibrium was usually reached within a week, 
the time depending on the initial temperature difference, and for 
confirmation, readings were coptmued several days thereafter. 

All the igneous rocks tested, and some minerals, remained more 
or less warmer than the sand with wdilch they ivere compared. 

In several experiments, after temperature equilibrium was 
reached, the thermo-couples In the Dewar jars were reversed; this 
did not at all affect the amount of galvanometer deflection, but of 
course changed its sign, shovriug that the couples were evenly bal¬ 
anced. Occasionally the entire contents of the Dewar jars were 
exchanged; but this did not affect the result^ thus showing there was 
no systematic error due to difference in the jars. 

All the basalts examined contained more or less Olivine dis¬ 
seminated throughout their mass an v^ry minute or invisible crystals. 
AVhen finely powdered they were distinctly greenish in color (Olavine 
is green). When the fine powder was ignited in air it lost its green 
tinge, and became reddish an color, by peroxidation of its ferrous 
iron. 

Olivine is a ferrous mctasilicate vrith magnesium silicate (Mg, 
Fe)j SiO^. The ferrous oxide is so loosdy bonnd by the small 
amount of silica combined w ith it, tliat It cannot withstand the action 
of free oxygen at red heat. But 1 hoped it was stable at room tem¬ 
perature. To answer this Important question the device shown in 
vertical section In Fig. 2 was used. 

In Fig. 2 a as a gbss tube about 2 cm. diameter, prolonged down¬ 
ward by a much smaller and longer tube bj which extends nearly to 
the bottom of a small beaker e partly flllcd with mercury as showu 
by the dotted line. is a plug of cotton, and e is a tightly fitting 
cork. 

The large tube between d and e was filled with the material to be 
e.xaniined for oxygen absorption, finely ground to expose ^-Ory large 

16 


222 


BRUSH—DISCUSSION OF THE 


g^rain surf^e^ and the cork ^ was pealed airtight with melted wax* 
AVhen oxygen from the enclosed air was absorbed^ mercury gradually 
rose in the tube t for many hours. 


;i 

w 

b 


Fie. 2. 

All the basalts e.xaniined as above, iudicated more or less oxygen 
absorption, doubtless with some slight evolution of heat. Absorp¬ 
tion was very large in the case of an ” Olivine Basalt from Jeffer¬ 
son County, Colorado. This basalt^ when tested in the large ealor- 
itneter of Fig^ u indicated spurious generation of heat, gradually 
dlmiuishtng from day to day but not ending during the full course 
of the experiment. This is what prompted investigation of all the 
basalts and lavas as above. The Lint^ basalt (Table TI) contained 
verv' little Olivine. 

^Mien a cnished basalt^ ready for use, is ignited in presence of 
air, its ferrous metasilicatc^ at least on the surface of its grains* is 
destroyed by peroxidation. 

To surely prevent absorption of oxj^gen by crushed basalts and 
minerals containing ferrous metasilicate, the following scheme was 
adopted: The stem of a very tong-stemmed small glass funnel was 
worked downward through the center of the crushed material in its 
Devi^r jar nearly to the bottom. Then lao grams of somewhat 
visciions mineral oil vras poured slowly into the fnnnch keeping the 
latter nearly full to avoid entrained air* In an hour or two the 
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oil gradually displaced the air b^twwi the grains of crushed ma¬ 
terial and rose nearly to the top of the charge, and m a few hours 
more, by capillary action^ oil coated every grain not actually sub¬ 
merged. After withdrawing the funneh the hole left by the stem 
was tamped full of the smTonndiug imteriaL The oil employed was 
the “ Ponderol used by druggists for medicinal preparations. It 
was water-wThite^ perfectly neutrah odorless and tasteless. Heated 
to j6o® C. it did not change color, gave off no gas bubbles and fumed 
but slightly. 

The sand in the other Dewar jar* used for comparison, was 
flooded in the same way with the same amount of oil to preserve 
equality in thermal capacity* 

None of the lavas tested indicated any absorption of oxygen, and 
hence were not treated vrith oil. According to analysis in Ency¬ 
clopedia Britannica, Kilauea la\^ contains an unusually large amount 
of ferrous o.xide; but doubtless this is combined with a larger pro¬ 
portion of Silica than in Olivine, and is thus rendered stable. 


table n. 

MaiCTi?! TcmpmUHW 

Teftfd. Eve™. 43t!lrtei C. 

Basalt, Lintz, RJucnish Pnissia, strongly ignited..-.-.^.- .0127 

Basalt, Lintz, Riicnish Prussia, wiUi oil-- .oiSS 

Lava, Basaltic, Kilauea^ Hawai ian I slancls-- .di [ S 

Lava, ^ ScoriaH" Milkrd Co-, Utah.,.**.-.-.-.w***... oioo 

Lava, Scorisp" Oluroba, Mexico.... *--- -- *,.**.*. .01127 

Clay, Butned,,.oijfi 

Albflep Na, AJ, SijO^-.-. ..— -. 

Olivine, (Mg, Fc)*SiO.. wilh oiL ....00^4 


Wollastmitc, Ca, SiO^,.... ---.*,--Not obsen^hle 

Cryolite, Na,AIF^...... *..obwriabk 

Limestone* Ca, CO^*.*---Not efcseirable 

Silica, Fused,, obseri-able 

Table 11. shows compamitve values thus far obtained. The last 
column gives temperatures computed from gah’anometer deflect ions* 
Of course the figures in fourth decimal place are uncertain. 

Following the above tabulated tests a basalt* containing a fairly 
Urge amount of OlivinCp from Fort Williamt north shore of Lake 
Superior, was tried (with oil). But before completion of the ex¬ 
periment the Devi^r jar collapsed. Enough was teamed^ however^ 
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to iddicate Uiis Olivine basalt was generating little more tlmn 
one-half as mucli heat as did the Lint2 bagalt. 

The burned clay of Table may be regarded as an artificial 
igneous rock, and is classed with them. It consisted of a specimen 
of clay used in the manufacture of Portland cements After leviga- 
tion, di^'ing and moderate ignition, it was light yellow in color. 
After heating an hour or two to about lioo° C. (in presence of air) 
it came out of the furnace a greatly shrunketip hard-burned^ choco¬ 
late-colored brick. This was crushed and sifted for u$e as usual- 
Table I IT Is an analysis of this clay before burning. Probably the 
iron was mostly in the ferrous condition, as is usual with clays, prior 
to the first ignitiou. 

TABLE liL 

S'lLlCa .r.-.. .r.. . .. L + . + . + i .-vr.vir. .r. .. .. . .. .. . ..i. 

Alumina ____....... 17*95 

Iron oxide.... 

hime ..^ ..^^H. + . + + * 7-go 

Magnesia ..^...... + . + 1 + + .^...,......... .. + . , + ++ + , + .*. ( + ,, 4-'^ 

Loss on low i^Tiiiiont . .... . . . .. a.90 


t 


96.30 

In Fig. 3. the performance of the Lintz basalt of Table If. is 
plotted in a temperature difference curve. Only that portion of the 
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obser^^ed curve lyin^ below one-tenth degree is shown^ as this is the 
Significant part. The neutral sand for comparison is taken as aero* 
The low points in the cntvt lying between one hundred and sixt)'-five 
and one hundred and eightv^five hours, are due to a temporary small 
rise of temperature in the copper well ** occurring late in the previ¬ 
ous day; and the high points between one hundred and forty and one 
hundred and sixtj' hours^ and between two hundred and sixty and 
two hundred and eighty hours are due to small drops in well tem- 
perature many hours earlier. There is always a lag of about one 
half day in the effect of changing well temperaturCp as is to be ex¬ 
pected. 

Whenever a substance under test happened to be initially at a 
little lower temperature than the sand, its temperature curve was, 
of course, a rising one; and if the substance was generating heat, 
the curve crossed the zero line and rose above It. Such a curve al¬ 
ways had a shape notably different from that of Fig^ 3; it steeper 
in its earlier stages. This was because heat generation retarded 
falling temperature and hastened rising temperature. 

EsTIAtAtE OF THE RaTE Of HeAT GENERATION IN THE LlNTZ 

Basalt* 

The Dewar jars used in the experiments of Table IL were tested 
and selected as follows; 8 commercial jars of r liter capacity, 2S cm. 
deep, were partly filled with ke-water to precool them, and placed 
side by side in a rack. Then each jar was emptied and recharged 
vrith 600 cc. of ioe-watcr just after thoroughly stirring with much 
ice^ and the jar was closed witli a large cork. 

After an hour or so, the water m the first jar w^as w^ell stirred 
with a thin strip of wood prcAnousty cooled in ice-water, and the 
temperature of the water in the jar was taken with a precision ther¬ 
mometer and noted, together vdlh the time, and the jar was recorkedn 
All the Jars were thus treated in turn. The initial temperature was 
in most cases about i ° C. Similar temperattjre readings were made 
every few hours for several days. 

The two best jars* very nearly alike in efficiency, were chosen for 
use* and their performance was plotted in a curve which showed 
eveiywhere that half the temperature difference between the water 
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and the outside air (very steady) was covered in tlie next thirty-one 
and one half hours. I see no reason to doubt that this ratio would 
have continued until equality was reached. Presumably also, the 
same ratio would hold if the conditions were reversed; that is, if the 
water were warmer than the outside air. 

The thermal value of the inner skin of a Dewar jar was com¬ 
puted equal to 25 grams water, so that the total warming (or cooling) 
body equaled 625 grams of water. 

From the above data in accordance with the usual logarithmic 
law of lieat transfer, the thermal conductivit>' constant of the jars 
was computed and found to be 13.7 calories per hour per degree C. 

Nine hundred grams of the basalt maintain a temperature dif¬ 
ference of .0155* C. (Table M.) which indicates heat generation at 
the rate of .0155 X 13.7 = 0-212 calories per hour for the contents 

Q 'JIS £ 

of the jar: or -^^^2.36 X lO'* calories per hour ijer gram ot 
900 

basalt. 

Taking the specific heat of basalt as Q^igg, tlie time required for 
the basalt to raise its own temperature i'" C, if all escape of heat 

were prevented would be 2 j/S ~ hundred and fort>^- 

three hours, or about thirty-five days. 

While the above method of estimating the rate of heat genera¬ 
tion in the Lintz basalt b the only one at present available* the result 
found IS certainly se\‘eral times too large, for the following reason: 
The cylinder of cold water in the Dcyrar jar had little or no tem¬ 
perature gradient between its periphery and its axis because of its 
easy convection; but the cylinder of basalt and oil must have been 
continually much warmer in its axis, where its temperature was 
measured, than at its periphery where the generated heat w^as being 
lost, because of the very slow conduction of heat from its central 
portion to its outer surface. 

Ha\dng no available data from which to compute the radial tem- 
perature gradient in the basalt and oil, we can only guess at the cor¬ 
rection to he applied to the value of heat generation found above- 
But we cannot be very' greatly astray if we assume one hundred ^d 
twenty^^two days, a third of a year, as the time required for the LinU 
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basalt to genemte sufficient heal to raise its own temperature i"" C. 
At least this will indicate the order of magriitude of heat generation. 

The Odserved Genxratios of Heat Casxot Possibly be Due 
TO Raoichactivttv. 

Rutherford tabulates a long list of igneous and sedimentary rocks 
from widely-separated localities, showing their relative radio-activi¬ 
ties, Three basalts appear in the list, the most active of which is 
below the average of all the rocks. I have compared the radio- 
activit}' of the Lintz basalt and the sand+ yvhh pitch blende and im¬ 
pure uraninile photographically as follows: Several short lengths 
of thin brass tubing 2 cm. inside diameterT 1^ cm. longt were pre¬ 
pared with ends machined tmly plane. One end of each was coated 
with a thin film of beeswax, and tightly pressed on a disc of very 
thin, mineral-free filter paper on a piece of plate glass, thus forming 
a shallow cup with paper bottom- 

The minerals were crushed and sifted to the usual grain size^ and 
4 grams of each was placed in the ci-ips and sitaken down- An 
X-ray plate In its holder with film side up^ w'as covered with a card¬ 
board rack (not in contact) provided with 15 round holes in which 
the cups fitted freely. The sand and basalt cups were placed on 
the film side by side, and left there, in different positions, eight, four 
and two days. The pitchblende and uranlnite were exposed tweU^e, 
six, three and one and a half hours, all in complete darkness. Then 
the plate was t^cry rtTu/y developed, Fbced^ washed and dried. 

The plate eight days under the basalt showed the faintest sus¬ 
picion of darkening : the $and showed nothing. The uranlnite, ex¬ 
posed one and a half hours, gave w-ell-marked blackening, estimated 
to be at least 4 times greater than the basalt, exposed 128 times 
longer (eight days), or 500 times more activity'. The pitchblende 
was rather more than twdee as active as the uraninite, the one and 
a half hours^ exposure being a little blacker than the three hours* 
exposure of uraninite. 

Thus it appears that, compared ni this w^ay', the pitchblende was 
at least looo times more radio-active than the basalt. The pitch¬ 
blende was not analyzed^ but presumably contained about two-tliirds 
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its weight of uranium* This would rais^ the above ratio to 1500 
for uranium. 

Rutherford computed the heating effect of 1 gram of uranium 
to be 7^ X 10^ calories per hour. 

We have already found the apparent heatEng effect of i gram of 
basalt to be 2.36 X ro"* calories per hour* But as before i>oioted 
out, this is much too high. If we apply the 5ame arbitrary correc¬ 
tion as before* we find heating effect of i gram of basalt to be 
6.8 X lO"* calories per hour. This is close to the heating effect com¬ 
puted by Rutherford for uranium. And we liave found uranium 
to be 1500 times more radio-active than the basalt. Hence radio¬ 
activity of the basalt can account for only 1/1500 part of its beat 
generatiou- 

Thc computed rate of heat generation in the Lintz basalt, 3"^ C in 
a year, is extremely large; and it is thought tliat some or much of 
it may be due to the very large area of new surface created by cnish- 
iti&F ^tid the severe shocks throughout the grains Incident thereto^ 
whereby a slow rearrangement of incipient cryslallization and re¬ 
grouping in the surface layer of molecules and even in the grain 
mass of this complex ruck may occur with some generation of heatt 
analogous to the spontaneous generation of heat in recently hardened 
steel. Doubtless basalts and lavas are particularly susceptible to 
such action because they are in a coiiditiou of suspended crystalltaa- 
tion arising from their comparatively rapid cooling after ejecffotiH 

If the suggested action occurs, several days, \veeks^ or even 
months may be required to reach entirely stable condition. This 
very important point will be determined by retesting after a lapse 
of several months. 

The observed generation of heat is many times more than suf¬ 
ficient to accoiuit for the maintenance of the earth*s internal heat 
if the generation goes on at great depths and under great pressures, 
and if we accept the very small temperature gradient and luwr thermal 
conductivity usually assumed for the earth's crust. But we know 
little or nothing of the temperature gradient in great masses of ig'^ 
neous rocks, and in volcanic regions. In this connection it W'ouM 
be of much interest to make deep borings in some of the great and 
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vtry thick fields of b^isaltic rcicks, and ascertain their temperature 
gradient. 

Xor have we any knowledge of the theriiml conductivity^ of the 
lower igneous rocks (all igneous) of the earth^s crust, at the high 
teinperatiire, atid under the great pressure to ivhich they are sub¬ 
jected. 

It seems highly probable that large areas of the ocean floors con¬ 
sist of ancient igneous rocks and more recent basatts and volcanic 
lavas, only thinly covered with sediment. The heat generated in 
these floor rocks, and conducted through them from still hotter re¬ 
gions below* must be absorbed by the cold water above them and 
rapidly iratisferred by convection to the ocean surface, from which 
much of it is radiated into space and lost. 

It seems to me quite possible that the great ocean currents of 
w'arm water are produced in this waVp and have tbeir origin in com¬ 
paratively shallow waters Over large areas of volcanic activity^ where 
the earth's hot interior is covered with less than the usual thickness 
of poorly conducting crust. 

Take for instance the Gulf Stream: This appears to originate 
in the large volcanic region comprising the West India Islands and 
the Caribbean Sea; and the steady current westward doubtless pre¬ 
vents nuich sediruentalton, and even tends to scour and keep the 
ocean bottom dean. The warmed water finds its way into the Gulf 
of Mexico, and thence in a comparatively narrow and swift stream 
northeastward between Florida and the Bahama Ishmds, whence it 
Spreads fan-shaped into the North Atlantic Ocean. On its way 
to the Arctic region, the prodigious amount of heat carried, as com- 
I^ared with that of the general ocean, profoundly tempers the climate 
of Northern Europe. The water returns from the Arctic region in 
a broad cold stream on the deep floor of the Atlantic Ocean to the 
region of warming. 1 hope to develop this phase of my' subject at 
length in a fulure paper- 

iNTERjiAt. Heat of the Placets. 

Let us make the reasonable assumptions that the other planets 
have substantially the same composition as the earth, and that they 

IT 
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have reached stable thermal condition a& the earth appears to ha%’e 
done. 

The exterior planets receive comparatively little heat from the 
sun ; and if their internal heat is maintamed in the manner supposed, 
their surface temperature must be largely conditioned on the ratio 
of their mass to their radiating surface. Mars Is smaJler than the 
earth, and consequently colder. But the giant planets, Jupiter and 
Saturn, have a much larger mass-surface ratio than the earth, and 
certainly have a much higher surface temperature, as e^-idenced by 
the fact that they are covered with dense clouds of vapor. Pre¬ 
sumably they are too hot to peTmit the condensation of water. 

Heat or tut S^s. 

The mass-surface ratio of the sun is about 3 ” times greater than 
that of the earth; and if generation of heat takes place there at the 
rate observed here in igneous rocks, ii would account for much of 
the sun's heat, though far from all of it. But we know little or 
nothing of the sun's interior, and it is readily conceivable that grain- 
tational generation of heat there, under the prev'ailing conditions 
of enormous temperature and pressure may tie very much faster per 
unit of mass than in the earth, and could then fully account for maiti' 
tenance of the sun's heat, 

CctVELAND^ April, 1526. 


Snppf,EMErct, 

July 30, 1936. 

Since presenting the foregoing paper 1 have carefully retested the 
basalt, lavas and clay of Table 11 .. using the same specimens after 
intervals of several months as contemplated in one of the latter 
paragraphs of the paper; and as then thought not unlikely, have 
found some large changes in the rate of heat generation, doubtless 
due to the causes siiggcsled. This, in itself, is a very interesting 
phenomenon. 

The strongly ignited Linti basalt after six jnontlis retained less 
tlian to per cent, of its early heat generating activity. This specimen 
included all the fine stuff and dust incidient to cnishing. and liad 
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been briefly ignited at very high temperature, almost fusion. The 
LSiiU basalt with oi! (not iijriHed) retained about 30 per cent, of its 
initial acttidty' after three months. Another lot of Lintz basalt was 
crushed to ^ery much coarser grain size than fomnerlyp and all small 
grains and dust ivere removed by sifting. The coarse material was 
then niaintatned at a steady temperature of about 345^ C. continu¬ 
ously for a full week, then slowly cooled. It is thought that during 
tliis longHxmtinned moderate heating the basalt reached stable con¬ 
dition. Forty days afterward it w'as placed in the calorimeter and 
its rate of heat generation measured. This came out 20 per cent, 
(or a little more) of the value of the freshly emshed basalt and oil 
as given in Table tl. Probably the latter wdll decline to similar value 
when it reaches stability. 

The Xilauea lava almost completely lost its lieat generating prop¬ 
erly after eight months. This is a basic lava comparatively lovr in 
Silica and easily fusible. 

The Utah las^a retained forty-five per cent, of its freshly emshed 
activity after niue and a half months. 

The Olunrba lava retained rather more than fifty per cent, of its 
activity after seven months. 

The tw^o latter lavas were very spongy in structure, and weathered 
to deep iron-rust color; differing greatly from the Kilauea lax^a in 
these respects. 

The burned cla5% after eight months, retained a little less than 
thirty per cent, of iu freshly burned and crushed activity. This 
clay w^as part of a lot prepared about a year ago by washing free 
from all gritty particles^ drying and moderately igniting; not heating 
sufficiently to sinter or densify it at all. 

I have recently tested some more of the clay, in its unbumed (but 
formerly ignited) condition, after nearly a year's exposure to the 
atmosphere of the laboratory'. There can lie little doubt that this 
was in stable condition. It gave nearly three limes as rapid heat 
gerieration as did the burned day after eight months. Apparently 
the burning wan highly delrimental. I am preparing for test soine 
more clay from the same bank, w ashed and air dried, but not ignited. 
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April Jjp 

The Hittke problem became a problem just fifty years ago. 
Until that time the Hktites were thought to have been only a small 
Palestinian tribe, knowledge of w'hich w'as derived from the oft 
recurring list of peoples whom the Israelites drove out of the Holy 
Land: "The CanaanIte, the Hittite, the Amonte, the Hivite, and 
the Jebusite.” After the decipherment of the Egyptian inscriptions 
it wras learned that Egyptian monarchs of the nineteenth dynasty 
had relations with a people that they called Kheta. Similarlyt 
wrhen the secret of Assyrian w^riting had been recovered^ it was 
learned that the Assyrian kings fought a people whom they called 
Khatcu. Gradually! too, during the nineteenth century rock- 
carvings were found scattered over northern Syria and Asia Minor, 
on w'hich were pictured men with extremely aquiline noses, w'earing 
boots with up-turned toes and peculiar tall eaps^ often accompanied 
by inscriptions m a peculiar hieroglyphic character. In fSjfi it 
occurred to the Reverend A. H* Sayce (afterwards Professor at 
Oxford) that the Kheta, KhattUtand Hittites were all one and that 
it w'as they w'ho made the rock^carv'ings and inscriptions just men- 
tioned—an inference which subsequent discoveries have in the mam 
justihed. 

These Hittite rock-carvings have been found at Hamath in 
Syria, at Carchemish on the Euphrates, at various points In ancient 
Cappadocia, Lycaonia, and Phr^^-gia, on the Lydian mountains 
west of ancient Sardis, as well as in the mountains near Smyrna* 
They have been found at Marash, Sendjirli, and at other points^ 
including the city of Aashur. Beginning with the attempt of 
Professor Sayce in 1880 to decipher this hieroglyphic Hittite writing, 
eight different attempts ^ have been made to discover the due to it, 
but as yet that has not been successfully accomplished. 

attempts are ^ roIlQWB; A. H. Sayce: "The Buss of Tarkciademos" 
La the TranE. afihe of Bib'L Arch., VII, 248 f,; E. F. Pdser, " Die hedtischea 
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With the discovery at El-Ajnarna in Eg>pt of an archive of clay 
tablets written In the Bah>'lonian cuneiform script in the winter of 
1887-1888 a new approach to the Hittite problem w'as opened, 
at though it was not recognised at the time. Among the tablets in 
this archive there were several letters from Dushratta, a king of the 
Mitannip a people closely associated with the Hittites, to kings of 
Eg^pt, While most of these were w ritten in the Semitic Akkadian^ 
one of them—the longest letter of all—wras w ritten In the Mltannian 
language,* Two other letters of the collection were from a ruler of 
Azarwa *and ivere wxitten m a tongue that turns out to be identical 
with the Hittite. Some years later an archive of Assyrian tablets 
was found a few miles to the northeast of the ancient Caesarea In 
Cappadociat from w'htch it w^as learned that as early as 2200-2300 

B. C, the Assyrians had established trading stations or colonies in 
the countr^i' afterw'ard occiipied by the Hittites and that these 
colonies maintained correspondertce with their home countiy^ in the 
Ass\ dan language and the Baby lonian script—a fact which now 
throw's some light on our Hittite problem- 

The real key to the Hittite problem was, how'ev='er, discovered by 
the late Professor Hugo Winckler of Berlin, who in 1906 discoverKl 
at Boghaz Koip the old Hittite capital, situated a few miles east of the 
river Halys In Asia Minor and about two-thirds of the distance from 
the Meduerranean to the Black Sea. a large archive of tablets 
WTitten in the cuneiform script of Baby'Ionia, A number of these 
texts were in the Sumerian and Akkadian languages—the languages 
of Babylonia—but the majority Avere In the language of the Hittites 

Inxhnften, eiii Vcrsuch ihrer Entiifferuisg nebst eincr ™tcrer Suidien vor- 
^beiEcndcn methodisch geordneten Au^igjabe," 1892 [i P. JcIll^tn^ "Grundlagen fdr 
Knt3!ifFenjng der (hatischeft odtr) ritlschen(?) IfischrifLcn,*^ in ZfU. d^jt^ich. 
Sfor^anJanden Ciffllr, XLVIll, 1894, and Ihtiiiiff und 1898; 

C, R. ConiJcr. Th€ and fhetr 1898r A, H, ''The 

Oeciphefinent of the Hittitt IrtBcriptlonB," In iht Prxi^dingf of ik^ Society </ 
Bthlicai Archiotoiy, XXV\ (1903) j R- C. Thompson, New Decipherment 
of the Hittite Hieroglyphs/^ in Arf^ffoJojcxii, XX, Cl913); A. E. Cowley in The 
Hutius (Tits’ Schweich Lectures tor z^ao) 1 and Dr. Cari Frank. Din jo- 
^rna^Hlen hfUHiKhnn Hitrogtypknninsckfififn, Leipzig^ The dilTereEit 

waj-s of attacking the probtem are outlined in the writer'* ArehMoioiy and thn 
BiWff, 4th cd., p, 73 ff, 

* Cf. F. BorL, Die Berlin,, 1909. 

* Ct, Knudtzan, ufid Tcwp, I>ii Azama-Brkfe, die aheiie 

Lrkunden in indoiermanischer Spfoche, Leipzig?, 
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themaelves* On some of the tablets were lists of Hktite words in 
one cotumn, opposite to which in other columns were their Sumerian 
and Akkadian equivalents. Here, then, was a key to the long-lost 
Hitcite tongue. The lock did not, however, yield immediately to 
the touch of the key. This was due in part to the fact that Professor 
Winckler, to whom by right of discover>^ the privilege of interpreting 
the tablets belonged, was soon attacked by the long and distressing 
illness from which he dicdi also, in part, to the broken and frag¬ 
mentary^ condition of these Hittite y-ocabularies, and to the fact that 
the words contained on the remaining fragments of these ancient 
dictionaries ivere not the w'ords in most common use in the other 
tablets. 

After the death of Professor Winckler the task of editing the 
cuneiform tablets from Boghaz Koi was committed to two Assyri- 
ologlstSp the Bohemian scholar Friedrich Hrozny, and the Genrtanp 
H, H. FiguUa They^ had copied a considerable number of the texts 
and Tvere making progress toward the Interpretation of them yvhen 
the Great War broke out in 1914. The credit of having first 
successfully applied the ke>^ found by Professor Winckler to the 
Hittite language belongs to Professior Hrozny. Taking as his 
starting point the work done on the Azarwa letters by Knodtzon, 
Bugge, and Torp, he gradually disentangled the intricacies of the 
Hittiie language. This, as a skilled Assj^riologist he w^as able to do* 
in part because the script W'as derived from Babylon ians, or 
from people w'ho had derived thdr culture from Babylonia, the 
texts contained many well knowm Sumerian and Akkadian w'ords+ 
The Hittites used these words just as the peoples of w estern Europe 
often employed Latin phrases. In duplicate texts the thought is 
often expressed by a Hittite wordK so that one by comparison can 
obtain the nucleus of a reliable vocabularj,'. In No. $6 of the 
der deut^cken Oritni-Gesellsthuji (December, (915) he 
announced that Hittite belonged to the Indo-European family of 
languages. This w'as followed in 1917 by the publication of his 
"Die Sprache dif Ilethiter" in which convincing proof of the thesis 
w^as set forth. 

In demnnstrating the Indo-European groundw^ork of the Hittite 
languaget Hrozny but confirmed a shrew'd guess of Professor Jensen^ 
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made more than twent^^ years earher^ In some respects Hrozny^s 
work was open to criticism. He is a Semitic philolc^iiit and has not 
a broad training in IndoEuropean phiblog>^ Under the circum¬ 
stances It w'aa inevitable that his pioneer work should contain some 
mistakes. What pioneer work does not? In the main^ however^ 
Hrozny's work stands, and to him belongs the credit of having 
broken the pathway for other workers in the field. Other scholars 
have since joined in the labor, Otto Weber, E. F. Weidener, E* 
Porrer, and Ehelof have participated in the publication of texts, 
while E. Forrer, Johannes Friedrichs A. Cdtze^ and Ferdinand 
Sommer, the eminent philologist,, have participated in the labor of 
explaining the facts of the language and in the interpretation of texts* 
The Orient-Gesellschaft has published six volume of cuneiform 
texts from Boghaz Koi, the Berlin Museum^ fifteen, and the British 
Museum, one. The Hktite laws and a number of chronicles and 
religious texts ha\e been iruerpretedt and the literature grows 
apace. More recently the study has been taken up by some Ameri¬ 
can Scholars, as Professor R, J- Kellogg of Ottawa University^ 
Kansas^ Professor Sturdyvant of Yale^ and the present writer wdth 
his pupil, Dr. E. A. Speiser, 

It should be noted that the tablets and fragments found at 
Boghaz Koi numbered about ten thousand, but many of these were 
broken so that often what was a single tablet has become fiv^e^ terik 
and in some instances twenty fragments* The original archive con¬ 
tained between five hundred and a thousand documents. These 
were .chronicles, treaties^ stories^ letters, incantations and other 
religious texts. These texts were written during the supremacy of 
the great dynasty founded by ShubbiluUuma, which reigned at 
Hattushash, or Hittite City, on the site of Boghaz Koi from about 
1400 to t 30 O B.C. In these [ablets there is material written in eight 
different languages, as follows: 

1. There are examples of the Sumerian language of ancient 
Babylonia, in which so much of the thought of the early inhabitants 
oi [hat country has been expressed. 

2. There are chronicles, stories and treaties in the Akkadian, or 
Semitic dialect of the Babylonians, and phrases from both the 
Sumerian and Akkadian besprinkle texts in the other languages. 
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3. The great body of the material is in the language spoken by 
this ruling dynasty at Hattushash, which we call Hittite> but which 
they called “Kanlsh/* Of this language more will be said below^* 
Proof will there be offered that the structure of this language is Indo- 
European. 

4. A number of quotations—about 700 words altogether—are 
said to be m the Luvish or Luy^^bh language. There isone bi-lingual 
leNti Luvish and Kanish, The tablets containing Luvish are much 
broken ^ however^ and many of the lines are incomplete- Luvish 
seems, nevertheless, to have been an Indo-Eurripean dialect clot=ely 
akin to Kanislu The verb^endings w'cre the same as in Kanish; 
it made a middle-passive form in arf like l-^nish- Thus w'e have in 
Luvish vaiihaniari, **xo come” or '"be brought/' It also appears 
from the Hittite laws that the Luvish people w^ere so closely akin 
to the Hittites that they w^ere accorded privileges similar to those 
enjoyed by the Hittites themselv^.^ 

5. In eighteen places in the Kanish texts proverbs are quoted in a 
language which is called luit-H 4 i or Hittite. Scholars have agreed 
to call this language Proto-Hittite. From the examples wdikh w'e 
havci it is clear that Proto-Hittite was not an Indo-European lan¬ 
guage- The facts seem to indicate that people of the Indo-European 
stock had conquered a non-Indo-European people called Hittite and 
were^ at the time from w'hich the Boghaz Koi tablets corrie» ruling 
them: that the name Kanish belonged to the rubngp Indo-European 
stock, while the name Hittite belonged to the subject, non-Indo- 
European stock. 

6 ^ Twelve quotations in these texts—^about 3500 lines in all^ 
are said to be in the Hunri language. The linguistic phenomena 
presented in this Huiri material show' that the Hurri dialect was 
closely akin to, if not identical with the language of the Miianni in 
vrhich Dushrattap king of the Mitanni vrrote to a king of Egv'pt one 
of the letters of the El-Amarna collection. Tfiese dialects are not 
members of the Indo-European family, but, as Bork* has shown, 
are apparently related to the Caucasian group of tongues. 

7. Four or five examples of a language which is called " Balish’" 

*Se# the Code II S, iO, 21 m the wrtier^a and ike Bikli, 

ed*, pp. 369, 

* Die MiiamnUfira^kt, p^fm; cf. especially pp, 72-S2, 
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ar^ also fuand in the te^ts from Boghaz Koi. They consist of 
Proverbs and are given both in Balish and Kanish, or what we call 
Hittitc. A number of words in Bahsh are identical with words in 
Luvish and Kanish. It seems impossible at present to determine 
whether these words have been borrowed or whether Eahsh may also 
be an Indo-European dialect. 

S, Finally in four tablets we find bits of the Manda language. 
It is found in coiineclion with a people called Kikkuli from the land 
of Mitanni who appear to have been dealers in horses and horse* 
trainers. Six or seven hundred years later, in the time of Esar- 
haddon of Assyria, a people called by the same namet Manda^ over¬ 
ran the region between the two rivers, where, at the date of the 
Boghaz Koi tablets, the Mitanni lived. Fifty years later they came 
again^ and Herodotus calls them Scythians. 

In view of the fact that a number of these languages belong to a 
different linguistic stock than the Kanish, and that this is the case 
with Proto-Hittile itself, it may well be that the hieroglyphic 
Hittite mentioned above, which still defies our attempts to decipher 
itr may prove to con lain material in a non-Indo-European tongue. 

Of all these dialects we are especially interested in the Kanisht 
which we are accustomed lo call Hittite- To that we now turn. 
A study of the forms of its pronouns, nouns and verbs shows that 
in structure it is related to ihe Indo-European group of languages. 
The word-materiatp on the other hand, appears to be of non-Indo- 
European origin to a greater degree than is the case in most of the 
languages of that group. 

As pronouns are as a rule the most sui generis parts of speech and 
are least likely to be borrowed, we begin with a few examples of 
pronouns. The relative pronoun with which we may compare the 
Latin is as follows: 


Hittite. L\tix 


N- kuis (neut. kult) 

N* qui 

G- kucl 

G+ cujus 

D- kuedani 

D, cui 

A. kuin, (kuit) 

A. quern 

Ab, ktiez 

Ab. quo 
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PluraL 

N* kuyes Of kuK; kui or kuye 
G, kuel 
D. ku^as 
A. kuyu^T kue 


N. qui 
G- quorum 
quibus 
A, quos 
Ab- quibus 


Indefinite Pronoun. 

Hittite: kiski Lalm: quisque 

Of the personal pronoun we submit a somewhat wider contpaii 
son, as follows: 

Personal Pronouns. 


F^fs^ Person, 




Awslan^ 

Gftrk. 

HUiiUr. 

Z^fif. 

N. 

ahkm 

ai^m 



ego 

A 

rnaiTi, mil 

1114} in, 


ansmug; mu 

me 

t. 

mJiya 





D. 

miy^, mt 

maVVai me 


ammug mu 

mibi mt 

Ab, 

tnil 

ni4it 


ammedaz 

me 

G, 

iil£ 

mona, me 

|UL- 

ammel 

ITWl 

L, 

TH^yi 



ammug mu 



PI. 

PI, 

PI. 

PI. 

Pi. 

N. 


vaSm 


ufs 

n^ 

A, 

asmad, nas 

ahma, 


ansds 

n^a 

r. 

asm^bbia 





D. 

astuAbhyam, nas 

abpia^bj'S, nS 


anz^ 

n^bis 

Ab. 

asmit 

abma| 


anzeda^ 

nobis 






rfiostfflm 

G. 

asmakam, naa 

ahm^k*jn, na 


anzel 

Inosm 

L. 




anzSs 




Second Person. 



N, 

rvain 

tOm, iQ 



tfl 

A 

tv£ 

thw4|itl, ibl^^ 

•ffi 

tug 

le 

I, 

tv^iya 

th^'u 




D. 


la^byi^ tS 


tug 

tibi 

Ab. 

tv4t 



tuedaz 


G. 

tiva, te 

tava^ te 


tu^l 

tm 

L. 

Ts'^yi 



tug 



PL 

PI. 

PL 

PL 

PL 

N. 

yOy^jn 

yaP'm 

C'^eC 

samfis 

VOft 

A 

yn^ni^, vaSi 

v'6 

4^f 


vQtl 
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I. 

yu^mAbhi^ 

^3in!lv^'a 




D. 

yn^mibhyaiiiH vas 

or 

yfl^maoyS 


mn^9 

%'5bTs 

Ab. 

yusm^t 

ytllmal 


sumeda? 

vBbJs 

G. 

L, 

yusm^kamK vas 

yn?miiit 

yusmaLini, v5 

tpu^ 

sum^ 

f vestminl 
IVEStfl J 


Of nouns we submit as examples of Hittke declension ^ declensions 
of iiniulisas, *inan\ Gr. Evdpiaros;^ teaiar^ 'water," Ger. 'wa^sefr;' 
paJjhar^ 'fire,’" Gr- Ukan, ^earth*" Gr. 


“Man."" 

^"Water.” 

'"Fire/" 

"Earth.^' 

.\. antuhsas 

N. watar 

N. pabb^T 

N. tekan 

G. antuhsas 

G. wetenas 

G. pabbuenas 

G. taknas 

D. antuhsi 

D. weteni 

D. pahhuenL 

D. takni 

A. antuhsan 

A. watar 

A. paljb^ 

A. tiirkni 

Ab. lantuhsaz) 


Ab. pahhuenaz 

Ab. taknaz 

1. [antuhsitj 

I. wetenit I. [pahljuenit] 

Plural 

f. taknit 

antuljises 

C. antubsas 

N. witir 


Np takan 

G.taknS^ 

A. antuhsus 

A. Tvitar 


D.taknas 
A.takan 
Ab. takn^ 


^ L takjiit 

Similar declensions of other nouns could be presented, tt is 
evident^ howe‘^‘er, that the examples presented are Indo-European 
both in word-materiah in the number and nature of the cases, as 
well as in the case endings. 

-\s examples of the conjugation of verbs we select the follow^ing 
stems: es- ‘be' (cf. Latin €sse); da{i)- *set/ 'place' (cf. Skr. dhd-, 
Gr^Tidij^i); da- ^take' (cf. Lat. do(?)t Gr. £E^>4i(?)); ^p~ "take^; 
P^-f pi- ^give'; ff/i- 'see^ (cf- Gr. Lat. oculus), 

* A compaji^Dfi dl 6. Bai£HO!i^s BUthunairt efym4>t^qs££ de Id lan^JK 
p. 6^ will show that the cqnneciiOA between aitlif^or and is itiuch closer 

than appears on the surface. 
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"'Take." 

Present 

Singular 

"Givt'* 

ii.e:_' 

1. esmi 

tebbi 

epmi 

petbi 

ubbi 

2. - 

daitti 

dalti cpsi 

paitti 

aiitli 

3. esri 


d^i epri 

pdi 

aufiu 


tiyaueni 


tiyann 




1, csutni 

2 , esEcni 

3, asanai 


1. esu n 

2. Kt i ("Eft] 

3. «ta 

X. eauSn 

2. esi^n 

3 . esir 


2r dai 

3_ ^^^du -—" 


dattcni 

d 3 n 2 i 


tettujn dabbun 




diir 


Plum! 

ebbu^ni 
eptenl 
abbanzJ 
Preterite 
Singular 
ebbiln 
cpti (-ta> 

cpta 

Plum! 

cbbu€n 

eptei^ 

ebbar 

Inxperalh^e 

Singular 


2. estSn daisten 

3> a^ndu tiyandu 




da ep 

dan (daddu) cbiii 
Piuml 

- -ebiSii 

dandli abbandu 

Pan, 
abbanea 
Infinltlv'e 

Supine 

ebbuvanCzi) 


p^yaneni 

pSsteni 

peyanii 


paidd 

pais 

peyanm 

pesten 

peyer 


plSLl 

pHu 

pCstSn 

pSyandu 

peyanxi 

pe^'aii^^ar 

p«yayva£L(2i) 


aumtncni 

auttcni 


a{tsta 

auniitviSii 

axiit 


au 

au^u 


austen 


auwoA 


Sxich paradigns could be multiplied^ In addition to such forms 
as are given it should be noted that the Kanish or Hittite forms a 
passive or middle stem by the use of the letter r. This feature jt 
shares with the Latin and Celtic languages, the only members of the 
Indo-European family in which this phenomenon w^as previously 
knoivn. Thus, from pa- 'go* we have pQ^n~la~ri-il "were driven 
(KBo, V, No. 6, i, 28); wrere brought^ (KBo, V;\ t 

1); *to be left over^ (KUB, XI 11 , No^4i. iv^ 46,47, and 

66)* (The last stem appears to be the same as that of the Gr, 
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the Lat. j/flt Skr. tisthali^ Zd.p hista'iiu which appears atso in nouns: 
[-at. status, Skr. sthita-h^ Zd. Latin ei^mples of this 

passive in r, such as amarif ' to be lovedp' and audirif * to be heard' 
will Occur to ever^'' one. Examples of pa^ive fornintions in r in 
Celtic are the following from the Irish: c^rthir, 'I am cleansed' 
(root earth ) ; gaibir, ' I am taken' (root ' I am smitten" 

(root iei?-): berir^ 'I am boiled’ (root ier-Jp** 

In inew of these phenomena and such as these there can be no 
doubt but that the later Hittite language of Bpghaz Koip which they 
called Kanishp belongSp in its main grammatical stnjcturep to the 
Indo-European family of languages^ aithough these phenomena 
present a number of difficult problems to which attention will be 
called in a moment, WTien we come to the vocabulary' we are con¬ 
fronted by' a great mixture. The word-stuff is to a considerable 
degree of non- Indo-European origin, and at times we are confronted 
with the use of postpositions instead of prepositions. WTiile this 
non-Indo-European element is very' real, it would be easy to overrate 
Us importance. The writer's belief from his own studies is that 
ultimately it will be recognised that a much larger part of the 
vocabulary is of Indo-European origin than is now^ supposed. 

The place of Hittite or Kanish in the Indo-European family^ is 
not easy to determine. Some phenomena (especially parts of The 
vocabularyO speak for a fairly close relationship with the Aryan 
branch of the family. Many more features seem to indicate a 
tolerably close relationship to the Greek: while^ as we have noted^ 
the formation of the passives presents a feature shared by Latin and 
the Celtic dialects only* The Hittite tenses also raise a difficult 
question. So far as w'c can ^ Kanish possessed but two lenses, a 
present and a preteriiep while the other leading members of the Indo- 
European family possess six or seven. In Hiuite we possess our 
earliest dated Indo-European materiaL It had previously been 
supposed that the further back we go in time the more closely we 
should find the Indo-European languages resembling one another^ 
but the phenomena presented by Hittite upset all our theories. 

^ The Sanskrit and Z^nd form* an; nuoEcd on the authoriiy of Boiseacq- 
Thc idr^ntity of tiie stem ir-dm- with the Indo-European stem sia- wa5 first sug¬ 
gested by Dr. E. Bpciser, 

■ These exaiupled are taken from Padersen's Ffriietffcfitdrf d/r 

beltisek^ Spr^chen. 
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It has been suggested by two scholars* that Hittitc or Kanish 
was the first to split from off the [ndo-European group, and that it is 
not so much a sister language of the other members of that group as a 
cousin. There is much to be said for this viewK It is well tnown that 
in the Semitic and Hamitic languages there are but t^'o tenses, one 
denoting incomplete action, employed to express actions in present 
and future time: the other completed action, used to express what 
happened in past time. There ate not wanting indications that the 
tense-systems of the Indo-European tongues may have been devel¬ 
oped from a similar beginning. In Greeks for example^ the tenses 
denote not so much time as the kind of action, the present and imper* 
feet signifying action in progr^—moving on as in a line: the 
aorist that movement ttecurred at some moment—a point of time: 
the perfect expressing completed action. From the phenomena of 
Hittite it would seem that we are justified in assuming that here we 
have the survival of an early stage of the development of Indo- 
European speech, when as yet the tense-sj^stem was at the same 
stage of development as that preserved in the Semitic and Hamitic 
languages. 

It is tcMi early for much attention to have been given to Hittite 
syntax, but, when it is studied, it will be found to present features 
familiar in other Indo-European dialects. Just one example wall 
be noted here—the Hittite method of expressing a condition contrary" 
to fact in past time. In the treaty of M ursilis, king of Hittite-city 
(Hattushash), with Kupantakal of Myra we find the follow ing, (CoU 
It line 63 ff. Cf+ KBo, no. 13, line 20): iak-kan BET 

A-BI-Kx-^ MAT-KA-ya U-UL^jr-Aii da-a-fr 

kii-e^-ni-ik-ki pe-i-e-ir A-NA MAT-TI ma^n da-nta^-i^n kii-in-ki 
BEL-an i-ya-nu-un: " If they had not deprived the house of thy 
father of thy country or given it to some other, I would have made 
some other lord over the country ," This sentence corresponds in 
structure almost exactly to the structure of the Greek supposition 
in past time contrary to fact. The Greek expresses the protasis 
by the particle tl and a past ten&e of the v^'erb; the apodosis a past 
tense with the particle Hittite expresses the protasis by a past 
tense introduced by ffjdff Uikkan {llakkart being the Hittite equiv^aleiit 

* Forrer and Siurdyvani. 
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of the Greek tl) and the apodosis by the past tense and the particle 
mon (the equivalent oftheGreeka?), Theoned idercnce is that the 
Hittite etnplo>'S the particle man in both clauses. 

We have left ourselves no space ir which to speak further of the 
underlying ethnic type revealed in Hittite portraits^ type which 
we find extending from Asia M inor to Assyria wi th a branch exiend- 
ing to Palestine“and which the Boghaz Koi texts teach us was of 
non-Indo-European and of non-Semitic stock. Overrun in the 
Hittite countrv by Indo*Europeans^ and in Assyria and Palestuie 
by conquering Semites, partly Indo-Europeanized in the one country 
and quite Semitized in the others, this race imposed its facial type 
and somatic peculiarities upon all three peoples. It is often called 
in consequence the “Semitic” type, but that was originally more 
nearly identical with the Hamitic. All this is, however, another 
story, which the writer hopes to treat elsewhere. 





THE AZTECS A!JD THEIR PREDECESSORS TN THE 
VALLEY OF MEXICO. 

Ev ZELI A NL’TTALL. 

(Read Apfi! 

Thff discover^' study of tbe extrtm^ly ancJent pre-A?tec re¬ 
mains of clay vesseb and fragnietiits of figurines pf an archaic type 
found buried in the soil under the ^-ast la^^ bed that occupies an 
area of many miles at the southern extremity of the Valley of Mexico* 
are of recent date. 

It is true that, as far back as jS6i, (in a footnote on page 67 of 
his work on the Popol Vnh) the French Abbe Brasseur de Bour- 
hpuTg wrote: “A singular proof of the existence of ancient towns 
Ijiiricd tinder lava is found in the Pedregal. ... A wide stream 
issues from under the Iava» its waters rolling fragments of pottery 
and terra-cotta vessels which undoubtedly prcNceed from habitations 
buried under the lava. How inany Pompeiis and Hercttlaneums the 
ta^'as of Mexican volcanoes may have covered ! In Paris, at the 
Trocadero Museum ^ a snnall collection of clay heads labelled * of the 
archaic type ” and proceeding from a hill near Taciiba have. It ap- 
tjears, been on exhibition sincx? iSSi. Tbey seem, however, to have 
been overlooked by Mexican archaeologists and^ as far as can be 
ascertained no publication lias been made concerning them. My 
first acquaintance with day heads of the archaic type dates from 
shortly after my purchase, in 19^2, of property so close to the lava 
field that a portion of this extends into my orchard. 

On a walk past a quarry dose by where lava was being extracTedp 
to be used as building material, I noticed some children playing with 
small clay heads which they allowed me to examine and buy, for my 
interest W'as great on observing how different they were from the 
familiar Aztec type of clay figurines. Although I tlien asked the 
workmen to let me know when, on blasting and removing rock, they 
came across other specimens* years elapsed before they brought me 

17 2^5 
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more than 5ome potsherds found under the lava. In however 
one complete seated figurine and several heads came to light and thus 
( gradually became familiarized with an archaeological type of which 
no specimens were then on exhibition at the National Museum. 

In 1909 during a short stay in Cttertiavaca I called on my 
esteemed and learned friend the late Bishop PlancartCr who showed 
me his splendid archaeological collection. It was a thrilling experi¬ 
ence for us both when, on seeing in a case a group of archaic clay 
beads which he liad collected in the states of Morelos, Guerrero^ 
Hidalgo and Mexico, I expressed joyftd surprise and told him that 
I had come across the same strange tj^pc in Coyoacan, Independently 
liad both come to the same conclusion, namely that our speomens 
antedated any Aztec remains. Before long the Bishop paid me a 
memorable visit and I had the pleasure of showing him my speci¬ 
mens and then conducting him to tlie quarry' to see the exact spot 
froni which the latest finds liad been extracted. In his book entitled 
Tamoanchanp"" published in lyir, the kindly old bishop describes 
Ids pleasure at having his opinioii that the type was pre-Aztec so un- 
expectedly confirmed by my specimens. He also teUs of out agree¬ 
ment to infumi each other of any new finds w^e might make and 
howp in 1910 I reported that I liad come across figurines and heads, 
identical w^itb those in our rcsiwctive collections, in Panuco. near 
Tampico. 

During the celebration of the Centenary of the Independence of 
Mexico, in 1910, several of my American colleagues were my house 
guests and to them I showed my specimens, telling them of Bishop 
Plancartes' and my researches and our plan to issue our publications 
on the subject simultaneously. Mine never was completed for, in 
March 1911, I left Mexico expecting to be absent from my home 
for a couple of months, but remaining aw'ay for six years and a half 
on account of the unsettled conditions titat prevailed* During this 
interval however, the International School of ArchMlogy was or¬ 
ganized in Mexico and the first systematic stratigraphical invesliga- 
liotis of the sub-soil of the Valley of Ii^lcxico w’as excellently made by 
Drs. Boas, Toizcr and Gamio who carried out fruitful researches at 
Teotihuacan and with Dr, Spinden. found and identified the same 
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archaic 1^'pe near Aticapotzalco and vicinity under strata containing 
vestiges of other cultures. 

Kiven, who, during several years made excavations in the 
same region, found and sold many specimens derived from these dif¬ 
ferent strata hut, by inventing names of by-gone civiliaations and 
attributing, arbitrarily, the various types to these, he and his associ¬ 
ates have impeded the adr-anoement of scientific truth. Previous to 
my return to Mexico, in 1917. Senor Gamio had discovered, by 
tunnelling under a twenty'-foot-deep stratum of lava at the quarry 
of Copilco. three burials which he carefully left iw situ. The skele¬ 
tons (the skulls of which are of a comparatively modern Indian 
ty'pe) are imbedded in sandy soil, baked hard by the heat of the 
lar-a-flow and are surrounded by clay vessels of a plain coarse type, 
A great quantity of potsherds and fragments of figurines of the 
archaic type were also found at Copilco, which is situated at a dis¬ 
tance of about two miles from my property. I had often felt the 
wish to excavate under the portion of lava bed in my own orchard 
and about two years ago. asked Sehor Gamio to aid me in doing so, 
by supplying me with two of his workmen trained in archseologital 
work. It thus came about that under the auspices of the Depart¬ 
ment of Anthropology and with the collaboration of the estimable 
geologist Senor Diaz Lozano, excavations were made to the depth 
of 17 feet under the lava on my property, the result being the dis¬ 
covery of an ancient river bed. Immediately under the lava was a 
byer of hard baked sand in which were extremely friable scattered 
human remains, seemingly pertaining to persons who had met their 
death by drowning. 

Under alternating strata of sand and gravel and " pockets ” of 
the latter, at a depth of between 15 and 17 feet there ia a uniform 
stratum of coarse gravel containing quantities of much water-worn 
and discolored potsherds among which I found two arehaic figurines 
and ftagments of flaked obsidian with a dull surface and a patiua 
which unquestionably indicate a great antiquity. 

On making a deep excavation at the end of my garden, at a db- 
tance of about 250 feet from the orchard, we found the same 
bed and. at the same depth, the identical byer of gravel containing 
potsherds obsidian ftagmtnts. 
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This river-bed, yielding mute testitnony of the ejitreraely ancient 
and prolonged occupation of this valley by a race which made and 
used great quantities of pottery is of particular interest to me be¬ 
cause in 1910 near Atzcapotzalco, at a distance of at least 25 miles 
from Coyoacan I had found, at the same depth, waterwom pottery 
and figurines under a grave] bed. The figurines, of which I subse¬ 
quently showed screen illustrations during a lecture I gave in Wash¬ 
ington, are of a peculiar type which recalls that associated with the 
prehistoric finds in Michoacan. The specimens I and two friends 
found in stlu in the gravel pit were all of the same type, a fact that 
led me to name this " the sub-gravel type." Within a few weeks Mr. 
C. C. James, an Englishman and collector, reported to me that about 
two miles further north than the old gravel pit, on making a 16-foot- 
deep trench in a dry river-bed, he had found my sub-gravel type in 
a similar stratum but mixed with others of the familiar archaic type. 

There is another remarkable tjpe which I have only found in a 
limited area which is covered with a deep stratum of “ Tepetate,” a 
kind of pumice which when falling in showers during the volcanic 
eruption must have converted day into night, I have reserved for 
the last a mention of what I consider the most important discovery 
that has ever been made in Mexico and possibly in America, namely 
the cone-shaped, three-storied structure at Cuicuilco, for the un¬ 
covering of which we owe a debt of gratitude to Dean Cummings of 
the limversity of Arizona. His publications on this archaic monu¬ 
ment, in which there is not a single worked stone and whose founda¬ 
tions lie twenty-five feet deeper than the lava flow that surrounded 
it, are familiar to you. There is however a point concerning it to 
which I would hke to particularly draw your attention, The visit¬ 
ing and local geologists whom I have taken to Cuicuilco and con¬ 
sulted there about the sandy deposits on the terraces and summit of 
the structure have been unanimous in conjecturing that it must have 
been submerged for a prolonged period, and that it must have been 
surrounded by water when the molten stream of lava flowed around 
it. for nowhere did the latter come in direct contact with the stones 
that face the sloping wails. It has been suggested that possibly 
owing to a great volcanic disturbance some body of water situated in 
the va.st upland plains or in the crater of one of the volcances of the 
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Ajusco or Toluca range may ha\'c emptied itself into the Valley of 
Mexico which forms a basing the only outlet of which lie$ to its 
north, toi^'ards the Valley of Teotilmacan, 

A convincing proof that this %'alley liad tindet^one a vast in- 
undation after it had been inhabited for countless centuries came to 
light wheUp a few years ago, Senor Gamlo had a tunnel made ninning 
from the eastern side of the great pyramid of the Sun to iu center* 
This revealed that the entire structure is artificial consisting of sun¬ 
baked clay containing enormous qtianiities of potsherds. 

It is therefore evident that the recent^ and therefore not gen¬ 
erally knovfcTi discoveries of gravel deposits containing potsherds 
situated under deep accumulatiDns of sand and under the PeiLregaJ 
Or under a stratutn of day at Atzcapoizalco (two localities that lie 
twenty miles apart) of alluvial deposits on the terraces and s^unimit 
of the Cuicuilco monument and of great quantities of potsherds in 
the clay of whicli the pyramid of the Sun is constructed furnish proof 
that the region of the Valley of Mexico which, according to our 
forentost botanistsp i$ the hotne of the teorintle, the native grass 
from which maize was developed by cultivation, had been inhabited 
for countless centuries by a race of people who liad practiced the 
art of making potteryp of flaking obsidian, of cultivating the most 
valuable of food plants and had built the archaic structure at 
Cuicuiko^ 

These discoveries demonsiaate that the various aiident mylhs and 
traditions were founded on terrible realities when they tell of a 
succession of cataclysms timt overtook the ancestors of the native 
race. The first was a flood from which only few survivors escaped, 
w^ho in order to insure their safety’ in case of a recurrence of the 
same disaster, built, of mud, a great artificial hill on which the entire 
population could take refuge and escape drowning. The lava flow' 
that surrounds the Cuicuilco structure, covets the ancient river bed 
on my property and the burialts at Copilco and spreads over an area 
of many milesp as well as the adjoining deposits of tepetaie " prove 
that after an inter\'al which, according to native tradition, lasted for 
several dionsand years, die Valley of Mexico 1 >ecame a center of 
great volcanic activity. It b obvious that after the first cataclysm, 
small bands of survivors must have abandoned the cradle of their 
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civilisation; migraled northwards and south wards; founded settle¬ 
ment aker settlement during their search for a region as fertile as 
their ancient homelatid and spread tlwir cnkure and the cultivation 
of maize among the more primitive tribes they may have encountered. 

Their successors in the Valley of Mexico seem to have lieen the 
Qtomts who increased and multiplied until^ at the lime of the arri^TiJ 
of the Aitecs, they w'cre in occupation of the region. 

We have the authoritative statement of Dr. Daniel G- Brinton, 
in his introduction to the ^taya Chronicles, that " the Mayas and 
AztecSp though differing radically in language, had legends which 
claimed a community of origin in some indefinitely remote past." 
He tells us also that it cajinot be denied that the Mayas, the Kiclire.s 
and the Cakchiquels, in their most venerable traditions, claimed to 
have migrated from the north or west, from some part of the present 
country of Mexico.” 

I have the permission of Senor Manuel Gamio lo mention here 
that during his expedition to Guatemala he recently found thcre^ be¬ 
tween 14® and 15" K.. even at a depth of six feet, archaic figurines 
and potsherds e.xactly similar to those buried under the Ia\'a in the 
Valley of Mexico. He and other archaeologists also report that, in 
the same region, there are truncated conical structures, obviously 
more ancient than those of pyramidal form, which recall the ardiaic 
Cuituilco tnmcated cone. 

These proofs of a prolonged occupation by the archaic poeple, of 
precisely this bell in Guatemala, is particularly interesting because^ 
they substantiate certain facts I am going to submit at the meeting 
of the International Congress of .Americanists in Rome, next Septem¬ 
ber, which indicate that in this region the 260-day period, narned the 
Tonalamatl, which forms the Ijasts of the Maya and ^lexican 
Calendar systems, was a natural division of time that cannot have 
been unobserved by its ancient inhabitants. 

History seems to have re|)eated itself, for after a prolonged 
residence therein, the archaic people were evidently forced to migrate 
owing iJTobably to volcanic disturbances and to a scarcity of food 
products caused by the plagues of grasshoppers w^liich have periodi¬ 
cally recurred in Guatemala, Chiai>as and Southern Mexico f rom time 
immemorial. The present one has lasted two years, Notwith- 
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standing the energetic campaign« led by experts^ that has been made 
by the Mexicati Government to exterminate these destmcrive insects, 
their northward ad^'ance has not been arrested and they are now 
devastating the States ot Veracrust and Oaxaca, reducing their 
productiveness to less than one half. It was in the r^on situated 
between i6° atid occufMed by the Mava Kkhes, who never 

claimed to be autochthonous, that, at some remote period a branch of 
the once archaic people, carrying with them their :26o-day period, 
established themselves. It seems to have been in the region contain¬ 
ing the great rtiined metropoli such as Copan, Qiiirigua and Palent|ue 
that a conventionalized set of ideas evolved or was intrcduced^ 
Communal life was evidently organized on a large scale and a ruling 
caste was instituted with a taste for builditig great monuments and 
erecting, ijerioclicaJlv* carved stela: which entailed an infinite amount 
of labor by a submissive population. 

The ToUec culture hero and hts small band of celibate followers 
who appeared in the high plateau of Mexico at an era corresponding 
to the third century of the Christian era and were also great builders, 
may well have been members of the ruling caste in search of a fertile 
region suitable for coloniiation. 

Communication, by land, between tribes living in widely separated 
portions of the Continent seems to have been more constant than has 
been supposed. There can be no doubt that for many centuries there 
was inter-commUrtiKition between the peninsula of 'Yucatan and 
Panuco, near Tampico, by boats keeping close to the coast. 

Ancient A5!tec traditions record how, at a very remote period^ 
Huastecas tinder a leader named Hiiastecall landed at Tampico and 
settled there, founding a colony that wtis densely populated at the 
time of the Conc|ues£- Their dialect U closely akin to that of the 
Tzendals uf Taliasco, the nearest Ma>^ race to the south of them. 
The landing at Panuco of another hand of colonists+ the Olmecas^ 
under their leader Olmecatl is also somewlm obscurely recorded 
and these are believed to have proceeded to Cholula and Teotihuacan 
and settled there. 

Ibat from ancient times there w^as a trade route from Panuco to 
Tctjtibuacan is indicated by the fact, stated by the governor of 
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Teolihuacan in 15S0, that the cotton the Indians used for clothing 
came fmm the ot I^nuco, 

It W3S at ttib same placCp which, l>emg situated wdl in the mouth 
of a ifreat river, afforded a safe landing place and liarbor, that the 
Toltec culture hero Quetzalcoatl arrived and re-emharked, his subse¬ 
quent retum to Chkhen-lt^a being a matter of history. For many 
years I shared my esteemed friend Dr, Bfimon''s view that the Toltecs 
were a mythical people. Now^ I am inclined to bdieve, especially as 
Sahagun was told by his native in formants that the}' were the first 
Luhabitants of this country, that they were descendants of the ancient 
maize-crowing, potteiy'-mahing people who were well-nigh desltoyed 
by volcanic disturbances in the cradle of their civilization, and that 
they returned to this a$ colonizers countless centuries later, bearing 
with them the highest degrtt of aboriginal culture that was reached 
and which they had attained during centuries of residence in favorable 
surroundings. 

They spoke the rvabuatl or .Aztec language, which is a treasure 
house of know'ledgCt for it contains thousands of descriptiye naine$ 
of the natural products and plants of ^foxico and Central .America. 
Sahagun states that the Xahtias w'ho spoke the Xahuatl tongue most 
clearly ivtre the Chkhimecs who claimed to descend from the Toltecs. 

According to tlie native historian [.^tlilxochitl, the Chichimecs 
descended from a lord named Chicheii, hut a Friar Andr^, quoted 
by Chavero relates that, liaving often spoken with the Indians of 
Panuco and Tarnpico and inquired about their origin, they told him 
that they had originally come from a dt}" named Qiichen. The 
Mexican element in the art and architecture of Chkhen-Itza has been 
clearly demonstrated by Drs. Morley and Spinden j so has the Maya 
elen>ent in the columns found at Tubn the first colony founded by the 
Tokec colonists. The influence of Maya art is also discernible in the 
so-called temple of Quetzalcoatl at Tcotihuacan the facade of which 
is decorated with, full-face great masks of Tlaloc and projecting 
serpent's heads. In recent lectures given at the leading Mexican 
scientific societies I presented data which seem to establish that this 
remarkable structure, w'hich lias wnter syiulK>!ism and marine shells 
carved all over it. is none other hut the temple, recorded as “ most 
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l)eamiiiil " wKich was erected l>y the 5 ft!i Toltcc kii^K eleven 

tDCrnturies in honor of the goddess of watei’* 

After an era of ^at prosperity which lasted tor centuries, the 
Toltec state succtimhed to what appears to have been great volcanic 
distnrbances which brought about violent climatic changes and finally 
a drought that, according to Istlilxochith lasted twenty-five years. 
Obliged to undertake foraging expeditions in order to obtain food, 
the Toltecs resorted to violence and w-arfare and after having suf¬ 
fered from famine and pestilence were vanquished by their enemies, 
forc^ to abandon their capital and^ dis'iding into small bands, mi¬ 
grated, some going souihp returning to Tabasco^ Yucatan and 
Guatemala, or going as far as Xicaragna where, to this day, there 
are towms bearing Aztec names. 

tater on, in the Valley of Mexico a new center of culture arose 
and under the poet-ldng Xezahualcoyotl, a descendent of the Toltecs, 
science and the arts flourished and the beautiful Aztec language 
reached its highest perfection. By that lime, however, the Aztecs 
had arrived in the Valley of Mexico from the N'orth bringing with 
them a proof of their originally s<>uthem and Toltec ancestry, namely 
the Nahuatl language and the Tonalaniatl or 36o^day period. Al¬ 
though they recognized Teotihuacau as the '^matrice of cities^ or 
metropolis^ the Aztec name lor which is gt^'en as Totecuacan in 
Molina^s dictionary, they did not establish their capital thcre^ hut 
regarded it as the great religious center to wliicli, up to the tune of 
the Conquest, Montezutna and the Aztec priesthood resorted every 
twenty days. 

Bearing in mind the fate of their predecessors the Aztecs evi¬ 
dently sensibly chose an island in the lagoon as thdr future residence 
and thus insured for themselves facilities for the cultivation of food 
plants, and independence from any drought that might occur on the 
tuaiuland. 

All evidence seems to indicate that the Aztecs also came from 
the region of Panuco and were related to the Huastecs from ivhose 
name theirs may possibly have been derived^ as the latter may well 
liave been Hue-aztcca or “ the ancient Azlecas/' The most important 
testimony that has been preserved consreming the origin of the Aztec 
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rulers is the sUtement made hy Montezuma to Cortes, as recorded by 
Cervantes de Sala^r who was a ijersonal friend of Cortes^ The 
following is a translation of ^ilontes^unia's words which conve}'^ his 
sincere conviction, to which he sacHhced himself and his country': 

... 1 regard you not only as fiiciids but also as very near relativcSp for 
my father told me and I also heard his father ^ay so, that our ancestor and 
the kings from whom I descend, were not natives of this country but immi¬ 
grants w'ho came with a great lord lA'ho, ■dtortly after, retiimed to hi$ native 
land. As they were the most pgwqrful they a-^sumed the nilership of this 
countr>' whidi was of the Otomis, At the end of many years this great lord 
relumed for them but they did not w'ant to return to the land they came from, 
having married here and having children and authority, which made them 
like this country and rnjoy the place, w'hich were certainly strung reasons In 
their defence. That lord kft, much discontented with them and, before his 
departure told them that he would send his sons to govern and maintain 
them in peace and justice and in the ancient laws and religions of thdr fore¬ 
fathers and that^ if they did not submit wilEngfy they would be compelled to 
do so by force of aims. For this reason we have alw^ays believed and ex^ 
pected that sofiie day those from those regions would come to subjugate and 
rule uSl Therefore I Ijelicve that you arc they, on account of the direct ion 
yon came trgm and the facE that your great lord and emperor who sent you 
had remembmnee of US- 

^lontezunia's admission tlvat he w-as a dtscendant of men who, 
to the indigtiation of their leader, had married native w'Ottien and had 
children by them, reveals that for general ions his forefathers had 
been of a mixed race. This explains certain incongruities discerni¬ 
ble in their dvilization which, in 18^14, led the eminent German 
anthropologist to state: " 'Fhe Aztecs seem to have been the last off¬ 
spring or heir of an extremely ancient and admirable civilization 
which it had no share in creating or developing and only imperfectly 
assimilated. In its liatids the ancient culture was rapidly deteriorat¬ 
ing and becoming mixed with liarbaric elements.'^ 

In conclusion: Recent archseological discoveries in the Valley of 
Mexico reveal that in remote antiqui^' this portion of the high 
plateati w'htch is the home of the tcozintle. was inhabited for a very 
long period by a race which had attained a degree of primitive 
civilization, made pottery, modelled figurines, employed Haked ob¬ 
sidian knives and built a truncated conical structure faced with 
imworked stone which was surrounded by a lava flow- at a x>eriod that 
geologists estimate from 2,000 to 5,000 years ago. Driven from thdr 
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habitat some of the survivors of the catatlysm or their descendants 
seem to have niigrated southward and to have established themselves 
in Guatemala where between 14“ and 15% archaic structures, figurines 
and pottery' identical with those of the Valley of Mexico have been 
found, also plain stdsc. This region, in turn, seems to have been 
occupied for an extremely long time and the afio-day period of the 
Maya and Mexican Calendar naturally originated there. 

As this was also a volcanic region, subjected to periodical devasta* 
tton bv the invasions of grasshoppers entailing loss of crops, famine 
and pestilence, history evidently repeated itself and migrations oc¬ 
curred, obviously northward and. in time, the descendants of the 
archaic people who had carried maize to Central .America' drifted 
back to the high plateau of Mexico, bringing with them the Tonalamatl 
or 260-day period that originated in Guatemala. The foregoing data, 
substantiated by the facts I shall submit to the International Congress 
of Americanists that is to meet in Rome next September throw fresh 
light on the connection between the Maya and Aztec people and 
establish, 1 venture to believe, the unity of their culture and common 
origin. 

* One the intriguing mysteries of iht New Worid. whScii baffles botanists, 
is that while the teoEiTille is recogtiiied as the ancestor of maize none of tW 
inlcrmedtatc stages between mai^t and its rektives have been foundL 

An ejtpEanation of this hiatus U (wthcominE if it is assMiued that during 
thousands of years the food plant was cultivated by a sedentary' peopte in a 
limited area uiiiil maiie wiis developed- The region became uninhabitable aud 
was abandoned for centuries. The intermediate types perished or revened to 
the hardy primilivc one which aJoiie was fitted to thrive without cultivation. 

Survivors from the cataclysm forced to migrate, became wandcriug: agri¬ 
culturists whose existence depended upon the quantity and quality of the seed 
their -crops prcducedr a iaet which w'otild lead to the utmost care hemg used 
in its cultivation with a resulting, et er increasing and rapid improvetiwnt of the 
slock. The history of the dei-eloiimmt of maize h inseparable from the 
historj' of the origin and dcv'clopitteni of civilization on the .’\merican Contmcnl, 
and there ran be no douln tliat the archMlngical discoveriei made in 

the Valley of ilcxito have thrn^wn unesiiceted and new light upon both proWcim 


OS- THE STRUCTURE OF PALMASPIS AXD OX THE 
OCCURRENCE IN THE UNITED STATES OF FOSSIL 
FISHES BELONGING TO THE FAMU.Y PTERASPID.^. 


By william L BRYANT, 

(Read ApriS 

The family Plcraspidie mdudesa very ancknt group of so-oallecl 
Ostracoderms belDnginj^ to the order Helerostrach Amongst them 
art the oldest trite Bshcs yet discovered in which are preserved indi¬ 
cations of sense organs and viscera. Three genera are known, 
PtcraspiSj, Cyatfiaspi^^ and Fallasph; one of these, CyathQSpts, being 
represented by ^-arious species frotii the Lower Ludlow of England, 
the Wenlock Limestone of the Island of (!k>th}and. the upper Si¬ 
lurian of Galicia^ from rocks supiiosed to be of Ntagaran age of 
New Brunswick, and as 1 shall presently show from the Silurian of 
New York State. 

The Pteraspidse sundved till lower Devonian times and thus dur¬ 
ing most of their career were contemporaneous with the ancient 
monorhinal Anaspids and Cephalaspids w'bose systematic position 
is now rather well understood from studies upon the remarkable 
fauna of the Christiana area in Norway. 

The recent works of Johan Kaier upon the Dowmtonian Fishes of 
Norway, and of Stensio upon the cranium of the primitive Arthro- 
dire, MacT&pitalkhtbys, have gone a long way towards clearing up 
the prevailing confusion as to the relationships between groups of 
primitive fishes, which had resulted in almost as many schemes of 
classification as there were authors. 

Kaier ^ having demonstarted that the families of the Anaspidse 
and CephalaspicEe have little in comnion with the other so-called 
Ostracoderms, proposes to include them together with the Cjxlosto- 
mata in a single great branch or class which he terms the Monorhina. 

^ " The Downtoniao Fauna of Norway j 1_ Anaspifia," J. Kaicr^ Vidcn&kapv 
Skrilter. I. Mat.-Naturv, Klasse. 1924, No. 6. 
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He considers that the most iniportaut difference between cyclos- 
tomes and Jishes is the peculiarity that in the former the paired 
olfactory perves run into the hypophysial sac which thereupon func- 
lions as an unpaired nasal sac, while in all higher Craniata from the 
fishes upward they constantly end in paired nasal sacs. 

He thus revives Haeckers old scheme of classification [ while 
the rest of the Oslracoderms with paired nasal sacs including the 
Ccdopidser, the Psainmosteidae, the PteraspidK and the Drepanaspidse* 
he places as true fishes with the Diplorhina* believing that they be¬ 
long to the same ancestral stem from which the Klastnobranchs were 
derived. 

The discovery of well-developed jaws in the .^naspida: shows, 
according to Kaler, that the presence or absense of these elements 
caa no longer be regarded as of fundamenml importance in (he classi¬ 
fication of these highly specialized forms and he therefore argues 
that the Class Agnlha of Dean and Woodward should be abondoncd. 

Tlie late Dr* Traquair had previously shcwm the structural affini¬ 
ties of the Pteraspids aud their allies with the primitive, soft bodied 
Coelolepidae, and had long ago expressed the opinion that all of these 
forms must have been derived from the Elasmobranchs. 

Stensid while doubting that the agnathous Ostracoderms are re¬ 
lated either to Elasmobranchs or to the Arthrodira has recently shown 
tliat an ossified skeleton prcil)ably existed in the ancestral Elasnio- 
bratichs which has gradually disappeared in their descendants^ 

His more recent studies on the sensoiy' canal system in Pletas- 
pids * seem to have convinced Stensio that these so-callcd Ostraco- 
derms are closely related to the Cydostomcs, a conclusion with which 
I cannot agree in view of the apparently well developed semicircular 
canals, the reduction of the branchial apparatus, which w^hether or 
not it was developed in the form of gill pouches never consists of 
more than seven on each side; and most of all on account of the 
olfactory organs which are apparently developed as in true fishes. It 
is quite true, howeverp that these ancicni creatures as might be ex- 

^On itic Htad iti itic MaCVopilatichitiyidH,” E, A. Stcn$ia« Ftcid Mm, 
<j/ .Vat Hisi. S*rvSf Vok IV., Ko. 4 , 1^5^ 

^ " On the Sensor)- Canals oi Ftfraipis and Paiaaaipis," E, A. Sleosio. 
Arkh FSr Zooh^t vtgkvt iK' K, Sv^nska F/i^kapiakadtmi^^, Band a, 
Ko. 10 ^ Stocttholm, 1^26. 
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ptcted have retained many primitive features, iricluding a sensory' 
canal system tliat can be best compared with the CycIosEomes; al¬ 
though in many respects similar to that in fishes. 

It must be admitted that the Ostracodernis are such highly s|>e- 
cialized creatures and had even in Silurian times div'erged so far from 
their ancestral stock that their origin is exceedingly dilTicijJt to trace. 

Pterasfiis^ the typical but most highly speciaUiied genus of the 
family Pteraspidie is found only in Great Britain and in Northern 
and Central Europe. It includes the largest known forms and the 

only one in which the scales of the anterior caudal region liave been 
preserved. 

Palteaslfis, the onJy geaus of Pteraspfds hitherto recognized in 
the United States, was first discovered many years ago by Oaypole 
in tbe Sahna of Pennsylvania. The genus is known abroad by a 

single species from the Uwer Old Red Sandstone of Monmouth^ 
ahire. 

The material upon which this paper is haicd consists of a large 
number of fossil fishes from Pennsylvania, mostly collected by the 
late Gilbert van Ingen of Princeton University and preserved in its 
Museum; a collection from New York State also made by Professor 
van Ingcn and now belonging to Princeton University; and a number 
of specimens from New York State lielonging to the New York 
State Museum* 

The Pennsylvania collections all come from within the limits of 
a great formation of red and purplish shales and sandstones to which 
the name of Bloomsburg Red Shale has been given. It probably is 
equal to, in part at least, the Vernon Red Shale of New York State 
Salma, and it certainly falls within the limits of the Salinan series. 
The lower part of this series is apt to be developed as a heavy auid- 
stone, well seen m the vicinity of Bridgeport, Periy County, Petm- 
syK^nia* and therefore called Bridgeport Sandstone by Qaypole in 
his “ Report on the Geology of Perry County," 

The middle portion forming by far the larger part of the forma¬ 
tion IS red shale; sometimes with thin seams of sandstone, but usually 
a thick section of rather incoherent bright red shales that easily 
weather to a sticky mud. 

The upper part of tlie formation consists of alternating beds of 
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rtd shales with thin scains of yellowish limestone which increase m 
thickness and jiitrity uiiiil, toward the top of the formation, they be¬ 
come gray HmeJitore with intercallated thin beds of red shale- 

The formation is succeeded conformably by a series of gray lime¬ 
stones containing Leperditia of two or three species, which Professor 
van Tngen thought should be correlated with part of the Tonoloway 
Limestone of Maryland. 

It is toward the upper half of the formation that the Palffiasptd 
Ijeds are found. They are met with in a number of outcroppings 
in various localities in Perry County and it is probable that several 
of the occurences are of exactly the same horizon, there is, how¬ 
ever, one section on the Scheible farm one mile east of Alinda, Perry 
County' which establishes the fact that PilsKispid remains occur in 
(hree distinct horizons. 'Phe lowest of these is followed by 1,^3® 
feet of shale tjefore the second horizon is reached; while 453 feet 
above tlic latter is seen the highest horizon. This highest bed is about 
i.too feet IkIow the Tonoloway Limestone as seen in a nearby quarry. 

Fossils lielonging to the family Pteraspidae bas'C been found at 
only one other locality in the United States, This is at Guy mar d, 
southwest of Olisville. Orange County, New York, Here the Erie 
Railway passes through a deep cut showing a complete section of 
the Shawangunk Grit at about one mile west of Otlsville. 

.After passing through the ettt which is at right angles to the 
strata which Strike N. E. and dip about 30" to JJ" N. W.. the rail¬ 
way curves to the southwest and runs approxirrmtely along the strike 
of the beds for several miles as it descends the slope of the Shawan- 
gimk Mountain past Gnymard and on to Port Jervis. It has a some¬ 
what undulating course which is due to the topography, now cutting 
back into the mountain side, and now running out around 3 hump on 
the slope. These prominences are caused by the exposures of a 
quartzite of gray, olive and reddish colors, tliat lies above the Sha- 
wangutik Grit. This formation is considerably over too feet in 
thickness. It was named by Professor van Ingen the Guymard 
Quartzite because of its excellent e.xposiires in this vicinity. 

Toward the upper part of the Quartzite there are some thin beds 
of red shale that seem to be prophetic of tlw type of sediments so 
characteristic of the overlying Longwood shale. It is in fact difficult 
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to determine just where the limit between the Gtiymard Quartzite 
and the overlying Longw'ood should he drawn. The Longwood 
seems to be the equivalent of the High Falls to the north and tltc 
Bloomsburg of Pennsylvania to the South. 

In these lowermost beds of red shale there occur remains of two 
species of Cy(i(ltasf>ss which 1 propose to describe in this paper. 

The above account of the stratigraphy of the New York and 
Pennsylvania Palraspid beds was furnished to me by Professor van 
Ingen in igao, a few years before his lamented demise and was based 
upon his owm field notes, and persona! investigations. 

That Cyathaspids occur in even earlier rocks near Otisville is 
rendered probable by the discovery of fragmentary shields in the thin 
black layers of shale in the upper portion of the Shawangunk grit. 

There is some doubt as to the age of this formation which carries 
an abundant Euiypterid fauna. Considered by Schuchert and others 
as of Medina age the discovery of Eurypterids in the Shawangunk 
™ taken by Clarke and Hartnagel as evidence that it reallv be- 
onged in the Salma. The later discovery of Eurypterids in iow«r 
fomations again raised doubts as to the age of the Shawangunk. 

he presence of Arthrophyett^ in this formation gives considerable 
vveight to the theory that it should be included with the Medina, and 
this IS the view adopted by Schuchert. 

pr. Hartnagel now feels that " in a sense this is probably the cor¬ 
rect interpretation although it is quite likely that the formation rep¬ 
resents a transgressing shore line and that therefore the Artltrophy- 

llf !! 7 s«Jtnients may rise in the series and consequently 

rtOt ot tht saiTic cv'ervwhcTd/^^ 

The fra^ientary shields from the Shawangunk to which I above 
refer as being probably those of Cyathaspids were figured bv the 
a e Dr. John M. Clarke m his account of the Eurypterid fauna of 
that formation.' These fragments were considered bv L>r. Qarke to 
be parts of Phyllocarids of a type hitherto unkno.m.'hnt to me the> 
™ almost certainly to belong to Pabeaspids. The resemblance 
not only m form but m ornamentation to the anterior portions of 

* to the aoilior, Marth 22. 
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CyatEaspid shklds is sufficiently striking to warrant a reexanunatson 
of the specimens and if possible the preparation of thin sections 
which would at once settle the question^^ 

PaL.EASPIS A5HERfCANA CLAVPOLE. 

A large miinber of specimens of this species collected by Profes¬ 
sor van Ingen are preserved in the Museum of Prirtceton University . 
They appear to have been pretty well distributed through the Blcioms- 
burg shale as a number of different horizons are indicated by the 
labels. Due to the pentieable nature of these shales many of the 
spedmens are only moulds or casts, the actual integument having 
been dissolved away; but there are some in which the shields are 
In part exceedingly well preserved and show perfectly the details 
of the ornamentation so suggestive of the markings on the epidermis 
of one's hand and fingers. 

.As Qaypole has well described not only the superficial omamen- 
tuition hut the microscopic structure of the shield which is character¬ 
istic of the family," I shall only remark that the gracefully disposed 
whorls of ornamentation are redly flat-topped placoid scales of 
vasodentine fused inlo meandering ridges. It is probable that the 
lines of ornamentation of the shield, more tortuous in front than 
behind, have some relation to the disposition of the sensory canals 
and pit organs. The superficial character of this ornamentation is 
well shown on Plate L, Fig. i. 

So far as I have been able to ascertain, there are only two elements 
in the armor of dorsal and ventral shield. I have seen 

no indications either of a distinct rostral, or of the postero-lateral 
plates which Claypole described. It is possible that lateral plates 
may occur and that in adult specimens they may be so firmly fused 
as to obliterate the sutures, but I ha%e not been able to make them 
out in any of the numerous specimens which have come to my notice 
and I must accordingly doubt their existence; first, because there is 

•Dr. Ruedeittann infomis me that the specimens in Questkm have been 
lost atnJ he sugigesls that ihey may possibly have come from the sarac b^s in 
which were found the CyathisptdSH as is indicaled by aarlceS note that " they 
have hem fornid emly in the shale lyinfi at the top of the grit and black 
5 hak ieriiH.” 

' Nfx^^raiisi, Vol, iS, p. 

It 
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m ifKlicatiiiin af them m the <lis[JtJsitiyn of tlie lines of timaTneiitiitinin 
and second, beca.iis£ in iKjth Flcra^rph and Cynthasph the latensl 
plates Eiave their orij^in far forward in the vicinity of the orbits and 
iiMl at all as Ctay]x>lc showctl in his figure. 

The dorsal shield of Amencam ts sub-oval in form 

and gently arched, the tip of the rostrum slightly depressed. The 
urbils are located well forward, near the angle of the snout. Their 
|»osttion is indicated hy rottnded notches in the shield which is de¬ 
pressed on either side t}{ the orbit. A series of curved parallel ridges 
follows the contour ot the eye on the dorsal shield, Ueiw-een the 
or hits and the tip of the depressed beak is another pair of less con¬ 
spicuous notches which ptohahly marks the jiosltion of the nasal 
tH|Killings. In one specimen I at least lielieve I have seen the impres¬ 
sions of tile eartilagiiious nasal sac,=i. 

The location of the pineal liody well t>ehind the orbits can lie de- 
term tued by a median ekvalion on the outer surface of well pre¬ 
served shields, hut there is no perforation. 

Behind the pineal a \ya.lT of >-_sha[ied pilis may l>e seen on the 
inner surface of the shield, which have been correctly irtterpreted 
by \\"ocMlvi-ard and ollters as the itupressions of ridges nixm the 
audtior^' capsules. These markings are well shown in Fig. i of 
Plate III. 

We are thus enalded to infer from the widely separated orbits 
and nasal sacs, tliat the forebrain of these fishes was much 1 letter 
devdo|M?d tlian in the monorhinal Cyclostomes; while the rigid roof 
over the hiiul hrain and the prominences above the semicircular 
canals indicate a rather well developed neurocranium jiosteriorly. 
The pineal ailliougli strongly develo|M!d did not perforate the Iiead 
-shield and, therefore, OMikl not have functioned as a mediait eye. 

r>n cither sitle td the visceral surface of the durial shield there 
is a series of six or seven |iarraUel elongated iiuprcssioiis originating 
near the margins and tlirected obliquely postero-iaterally. 1’ht first 
jjair of these extends frc»m jii&t behind the orbits nearly to the pineal. 
There can be no reasonahle doubt that these impressions indicate 
the legation of the gill fiouches. Tliere are seven of these on each 
side. They may be seen in the specimen shown in Plate I IF, Fig. i, 
m ivell as in tliat illustrated in Plate Fig. i, w'here the shield has 
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been broken awiiy e^lKj^ing a. natural mould froiu the visceral surface. 
Just within the margin qf this mould may lie seen a further series of 
sinaJI round pits, each marking the termination of one of the gill 
pouches, r can only surmise that these represent the openings of the 
gill sacs into a common branchial duct beneath the shield. There 
ts, however^ no indication of a lateral foramen tn the shield of P(T/<r- 
such as occurs in Ftemsf^is. 

I can find no traces of sensorv' canals on the external surface of 
the shield. These may have opened through minute pores into the 
fine grooves between the ridges which cover the outer surface and as 
may he seen hy the section ( Plate 1 .. Fig. 2) of a Cyath^spts shield 
which they agree with in this re^pcfct, these grooves are n^irly roofed 
over hy projecting arms of the ridges. 

Two spedmens, however, have ctmie under my observation which 
are suggestive in this respect. 

In one of these; Plate IIL^ Fig^ which is a natural mould of 
the inner surface of the shield a pair of ridges symetrically disposed 
arise near the pineal pit and running forward and outwards terminate 
at the margin of the shield Just in front of the orbits. These un¬ 
questionably indicate the location and direction of the snpra-orbital 
canals together with lart of the pineal line of the lateral sense organs. 
As there are no rndications of sensor^' canals in the middle vascular 
layer of the shield I imagine that the senscjry canals must have tra' 
versed the ba,sal lamellae. This supposition is strengthened by 
another specimen seen on Plate IV., Fig. 3. This is the visceral 
aspect of a fragmentary' shield, on which are shown as surface stains 
a number of branching double canals, these stains having apparently 
filtered through the inner layer of the shield. The entire dorsal 
.sensory- canal system tn Fal^asfits has recently been explained in an 
excellent paper hy Stensio and hence need not he further treated 
here.* 

The ventral shield is oyiil and slightly emarginate in front while 
the ornamentation consists of fine, sub-parallel longitudinal lines. 

I am not certain whether or not the ventral shield formed the loiver 
border of the orbits, although I have so indicated it in my restoration 
of P. biirttnal^a. 

" On the Sdiiury C^^uls of Furdjpii ard Pafstupisr op, dt. 
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1 have seen no certain indications that would point to a ^quamation 
of the caudal portion ol the fish, nor any fin rays. There js no 
ipine aiiached to the posterior end of the dorsal shidd as in Ptenispis^ 
There arc, howe^erp associated in the same beds with the Paiseaspid 
remains and sometimes closely adjacent to them, small detached spines 
of similar structure aud ornament, which I suggest may have been 
located in the mid-line of the hack of the fish just behind the dorsal 
shield. They would then have corresponded to the enlarged filleral 
scales which one sees in the perhaps nearly related but later Drepanas- 
pida\ I have figured on Pbte IL^ Figs, 2 and 4, two of these spines 
but I do not know to which of the two species of Fftliraspis they per¬ 
tain. 

Pai^^asI'is Bjtel'ncata Clavpole, 

Claypole did not fail to perceive a second species of Paheaspid 
in the Bloomshurg Shale. Unfortunately in his published figure he 
incorrectly oriented the dorsal shield which is shown upside down. 
This fact and the imperfection of his specimens may have misled 
VVoodwardn Eastman and others into the later suppesition that it 



Fin 1, PaliFssfv Cla>T»te. Rc^taratioa ot lateral aspect. 

Th^ tail is hypothetical. 


was the ^-entml shield of Paiaaspis am^rkana: while Patten “ who 
published a restored drawing from a cast of the netiral surface of 
the dorsal shield of this species, suggests that it may have been the 
male form of P. dm^'riVaKa. As I have never seen any indications 
of sexual variations in the body form either in the Ostracoderms or 
in the Antiarchi I cannot agree with this interpretation* Neither 
have I observed the lateral wings or cornua which his figures sherw* 
Figure i is a hypothetical restoration of this more slender species. 

I have figured on Plate II*. Fig, 3, a mould of the inner (neural) 

* “ Evolution d( the Vertchrales and their Kin," Philadelphia, 1913, p. 365, 

Fia, B. 
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surface of the dorsal shield of this form. The plate is crushed or 
folded longjtodiiially nearly at the median line but shows well a 
proifile of this species^ including the depressed snout, the truncated 
hinder end and the lateral contour. The pineal^ orbital notches, 
and the hypothetical semi-circular canal pits are preserved in this 
specimen though not well shown sn the photograph, and hence there 
]$ no doubt that the specimen represents the dorsal shield. It will 
be seen that there are no indications of lateral plates and that the 
Banks of the shield deepen posteriorly. On Plate TIL* Figs. 3 and 5 
I have figured the ornamentation of the snout region which appears 
to he somewhat finer, with less complicated whorls, while the ridges 
are not so flat and are more widely separated. 

The orhits are located at the angle of the only slightly rounded 
snout. Their posiition is indicated In Plate IIL, Fig. 4, which shows 
as well the pineal and the >-shaped notches. 

The impressions of the branchial pouches are well shown in a 
somewhat weathered natural mould from the inner surface of a 
dorsal shield of this species figured in Plate Ill.p Fig. 2. There ate 
apparently seven of these on each side* 

The collections of Princeton Universit>' contain several slabs 
upon which may be seen groups of iudtvtdtials of both of the above 
species^ all oriented in the same direction as though so disposed by 
the action of tide or stream. 

The presence of Lm§ftla in these deposits as well as the associa¬ 
tion of CyatiiGSpis in the OtisvilJe formation with the remains of 
Eiiry pterids and of Arthrophy^us militate against the assumption 
that these fishes are fresh water forms. The Euiypterids in both 
the Bertie w'aterline and the PiEtsford SlmJe are now known to be 
associated with typically marine organisms. In the latter formation 
1 have found trilobites and brachiopods in the same beds with the 
EurvpteridSp and Ruedemann has recently described a new marine 
fauna from the waterline with many delicate forms which can hardly 
have been transported thither according to the Eheories of O'Connell 
and Grabau. 
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CVATH.\4il^IS WaKDELLI RuEDEMASN. 

Amiifopsii u.'ardclfi RuaJcmann, Ww Vork State ^luiicum BuHcIei? 
t%i, p, ioj: P]at^ J2, Firs. l-li. 

Sonve a^o iJr^ H, tU Wardcll, while trollccting Eurypteridii 
for tht! Xew York Stale MiiiseuTai, secured a num1>er of fjeculiar fra^^- 
mentary fossils from the slialy layers interljetlded with Guymard 




Fig. z Outline of dorsal shkki of (J) Cyailmsf^is RuedeniaiiEi; 

{B) Cyaifwsf^t'j van hi^cni Bryafit; /?, Central disc, or median dor^h 
taicral comuaj ;V, oarial open tog; 0, orbit; P, pineal: P, rostra! plate. The 
heads are ihoym as though crushed flat. 

Quartzite not far below the Lougwood shales. These were suidted 
by Ruecletnann who suggested that they might he the shells of a 
palaeozoic barnacle and accordingly placed them in I3arrande's genus 
Anatifottsis as a cirriped crustacean. 

Later feeling that these fossils might after all |>ertain to Ostraco- 
demis he sent specimens tn me for examination with the result that 
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3 thfii afutniii Ilf the plate* lately established the fact that they 

belcJnged to the Hetenostraci. Afterwards Professor van Iii||eii 
visited the locality and collected a ttunilier of better preserved speci* 
mens which show that we have here the Piera-ipidian genus CyaHtas- 
pis, represented by twti species. 



Fic- 3 . CyathtupU wardtilli Ruc<1einiuiii. Out line of ventral shield. Krwm a 
nearly pertect .tpi-viiTicti m the lluseum ut Princetim L'niverstty. 

Unlike Pafiraspis, the dermal armature consists of five plates. 
Figs. 2, 3- On the dorsal surface there is a large central disk 
flanked on each side by a lateral plate or ctirnua; while the snout is 
covered by a short azygous rostral plate not hollow as in Pienspis. 
A single large ventral plate is loosely articulated with the laterals. 
In the iiuropeau species traces of a short median spine have b^n 
observed at the fjostenijr end of the central disc. 

Cyaihaspis tivrdclli, Plate H., Figs, 5, G; Hate IV., Fig. i. is a 
small oval form averaging less than 30 mm. in length. Its body is 
wide, tbe stwut slightly depressed, the dorsal shield gently arched 
from side to side. The prominent orbits are further emphasixed 
by the superficial .stria? of the shiehl and the notches for them arc 
contained within the lateral plates. The rostral, Plate I\’., Fig. 1. is 
short and raumlefl tn front with a slight dciwession at the tieak, on 
either side of which are gently roniKled eminences in which the nasal 
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openings may have b«n located. It is linnted entirely to the dorsal 
side and not produced below to form a hollow cone as in Pi£!raspis^ 
The hinder contour of the rostral is demarcated by a well-defined 
suture and by the direction of the superficial striae which run trans¬ 
versely parallel to the oinung suture line. 

The pineal body is situated behind the eyes and at a median point 
well within the central disc. The paired >-shaped furrow^s on the 
inner surface of the shield referred to in my description of Ftti<ra^pis 
as indications of vertical serni-circular canals are also conspicuous 
in well-preserved specimens, j' r., Plate IL, Fig. 6. Seven gill j>oiiches 
on each side may be cotinled in one specimen belonging to the Prince¬ 
ton Museum. There i^eems to be no postero-median spine on the 
central disc. 

The lateral plates are articulated by firm sutures to the rostral in 
front and to the central disc on the side. They are widest in front 
and gradually taper behind as the curved sides approach the straight 
suture line. They do not extend so far back as in European species. 

The ornamentation qf the lateral plates consists of sub-parallel 
anastomosing lines which curve around the orbits and gradually 
straighten out behind until they run regularly fore and aft. On the 
central disc the ornament is somewhat involved in front but runs into 
more or less longitudinal stride behind, some of which diverge towards 
the outer posterior extremities of the shield. The minute stniclure 
of the superficial ornament of this s|wies is well shown on Plate I.* 
Fig. 2, where the ridges are seen to be flat-topped or T-shaped denti¬ 
cles of vasodentine fused into meandering lines. Only the outer 
and middle layers of the shield appear in this illustration, the inner 
laminated layer having been broken away. 

The ventral shield (Fig. 3) is ovah slightly emarginated in front 
which suggests that the mouth must have been situated close beyond. 
The qmanneiitation consists of nearly straight parallel lines running 
fore and aft. 

Some of the foregoing elemeuts are easily recognised in Ruede- 
mann's plate vrhere Fig. 4 is the emarginate front of a ventral 
shield. Fig. 6 shows a crushed dorsal shield with the right orbit 
preserved. In the original specimen the right lateral suture can be 
cit. Plate ja. Figs. 4 , 6, 7 , u. is. 
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easily discenifd allhouj^h not well shown in Rtieciemanti’s figure. 
The original of Fig. 7 is apparently a detached lateral plate of the 
left side broken off behind the orbit and figured upside down. Figs. 
[[ and 12 show the cancellated middle layer of the shield. 

I have seen no indications of sensor)’ canals on any of the speci¬ 
mens, nor have any caudal scales or spines been discovered so far as 
I know. The tail in all of tltese forms is unknown but as Schmall- 
hausen has pointed out on purely mechanical grounds, there is every 
reason to suppose that it was helerocercal. 

CVATHASPIS VAX IXOF.VI Sf. NoW 

A hitlierto unnoticed spedes of Cyathaspts occtirs in the Guymard 
Quartzite near Otisville, New York for which I propose the above 
name in memory of the late Professor Gilbert van Ingen of Princeton 
University who contributed much to our knowledge of the Paljeozoic 
forniations in Pennsylvania and who tnade the collections upon which 
these studies are based. 

The body form of Cy€^haspis van iitgi'ni (Fig, 2, B) ; is long 
and slender the width of tlie dorsal shield being contained nearly 
two and a half times in the length, which averages about 30 mm. 
Seen in profile (Plate II., Fig. 1), the shield is greatly arched longi- 
ludinally, while the snout bends sliarply downward. It is rather 
narrow' in front with a slightly depressed beak. The orbits are 
prominent as rounded notches in the laterals and are placed well 
back behind the rostrum. The rear end of the shield ss rounded. 

The lateral plates do not extend much more than half way along 
the central disc being received in an excavation of the latter, which 
is vase-shaped, the posterior portion of the central plate widening 
to continue the line of the outer border of the laterals. 

The rostral is short, its posterior suture line lieing easily dis¬ 
tinguished in well-preserved specimens. (Plate IV., Fig, 2.) It 
articulates with the central disc as well as with the front ends of the 
laterals, Tlie suture lines between the central disc and the laterals 
are easily visible in front but arc more completely fused behind, so 
that they are difficult to make out. The ornamentation is closely 
similar to that of C. ^mrdcItL 
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Th^ ventral shield is long and somewhat arched. It is narrow 
and emarginate in fronts widening mn behind. In one specimen a 
large portion of what may !ie a lateraj plate is firmly fused to the 
margin of the ventral plate and bends sharply upwards. This ele¬ 
ment ntay, however, simply Ije an nptlimed fold of the ventral plate 
an<i this seems the more |>rohalilc 1>eean-se there is no visible eye 
notch as should lie seen in a lateral plate. Kn evidences of append¬ 
ages or caudal squamatlon can be found in any of the rock in which 
the fossils are contained. 

When first found, the remains of the Pteraspidae were described 
as the internal shells of some ce|jhalopo<| related to letter 

they were con.sidered hy Koemer to he crustaceans, by soTtie tliey 
were compared with fossil sfj^’mges, while even recently a:? 1 have 
shown they have lieen mistaken Imth for PhylkKrarids for cir- 
n]>ed barnacles. 

(Obscure and difficult to interpret as are the fossils here discussed^ 
we have another striking instance of the sur[jriaing migrations in 
Si!uric times of such lowly and rapidly evolving creatures as these 
primitive chordates. Ijiaded with unwieldy and aimbersoiue arnion 
they yet managed to distribute themselves over thousands of miles 
from one continental Iiorder to another, altering but little their sjie- 
cific characters. They were succeeded in Cpijur Devonian times by 
even more specialized relatives, the floiuider-^haped Drf{'anaspis and 
Phyltoicpis^ and as Hnssakof and I pointed ont some years agoj^ 
the latter of these typically Ettr<ijjtan genera is now known in Xew 
Yurk State hy a few fragmentary remains imm the Portage group. 

FXPLAN’ATION OF PLATE L 

Etc. t. PatiTiispis amrrh^aria ClaypDle. Forepart of the dorsaE shield show¬ 
ing snout, orbital notches aiid superficial OTnamentation. The ripht side of 
the stiieki has been broken away^ exposing a natural mould from its visceral 
surface. This shows impressions of gill pouches, apparently with outlets into 
a chamber beneath the shield* X 3* Bloomsboirs shale. Perty Coanty, Pa, 

Fig. 2 . CyfiihojpU RiiedemamiL PhotomicrcigTaph of the middle 

and superficial layers of the shield The inner lamellar layer has been broken 
away aJid does not apiwar in the illuitraxiDn. The row's of fiattetted tuliercules 
oi vasodentme with tbcir overharujinff tops are welt shown, Cru^miard Quart- 
iite beds, near Otiarille, N. Y. 

:0uf!alci !aoriety of Natural Seknees, Volume XII. Catalog 
of FiBsil Fishes in the ^ilueum of BulFklo Society of ..Vatural Sciences. 
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EXPLANATION OF PLATE U. 

Eia tr Cyaf^rasprs sptt- nov. CompTeit dorsal shield tii shIc 

vScu,' ^nd showme rhc rijihi orbital tturth. The orn,ameritztion: is moitty wc»m 
away, Gminardi Quarttitc brtL, near Ottsvilk. X, Y, 

Fic^, 2 Axi* 4_ PfflimjpU. Ap. Lktachcd spines. Perhaps frotn the ttihL 
diirsal regHiti bdiEnd the shield. X S. Bloomsbarg siiak. Perry Cotnity. Pa. 

Fig, 3 - Fa/tftfjjiif fcifrvurata Claypole, Qjmpkic dorsal shield prencrvctl 
ai a nalijra] mould of ihe visceral surface. The orbital notches, pineal pit and 
litiprci^^ions of setni-cireular canal ridges arc preserved in this specimen, at- 
though not well show-n in side view. X BhMjmshnrj? shale, Perrys Counly. 
Pa_ 

Fia 5. CyntltdApU Ruedemann, Uticnished specjmen lacking ihc 

posterior cjmL and seen in dorsal a&pecL Much of the shield has been desiroyed. 
X 3 - Guj-mard Qua mile beds, near Qtisville, N". V. 

Fic. 6. C)!aih0ipis crtJrrfcWi Rueddnann. Viscera! mould from G^.^np3ete 
ckrsal shield showing its uncnishcd contours. Guy-mard QiMrtEJte Ijed'f, 

near Oliscilie, N. 

EXPLANATION OF PLATE IIT. 

Fta I, PaftF^Apis {riPicr^ireo Clay pole. Fore part of dorsal shield shown 
as a mould from the visceral surface, .^rising from the pineal region are to be 
se^ a jjaif of sensory^ canals ninning forw-ards ami outwards. The imprcssi<w>s 
of Kill pouches and other visceral organs arc w^elt shown. X Bloomshurg 
shale. Perry County, Pa. 

Fig. 2 . fttlrtfMrtfla Cla^i'^lc. Mould from the \iscera1 surface 

of nearly complete dorsal shkld showing the itnpressiomi of the gill pouclh.‘s. 
X (54. Rloomsburg jhale^ Perry' Coimly, Pa. 

Fig. 3. Fa^^OApis biiruntals ClajiMte. Enlargement of a part of the or- 
namenlatlon in the pineal region nf the speciinen tllustrated In Fig. 5. 
hurg shale. Perry County, Pa. 

Fic. 4. Pnfaroj^w f^iVunroin Qaypole. Mould frHiym visceral surface of 
dorsal shield In the region of the snout, showing pusiiim of orbits, pineal body' 
find semi-clfcular canals X 2- Bloomsburg shale. Perry Coujity, Pa_ 

Fig. 5 - Pjia-aipis Claypote. Nearly complete dorsal shield 

shown partly as a mould of the inner surface. XiJi. Btoomiburg shale. 
Perry County, Pa. 


EXPLANATION OF PLATE IV, 

FiOr t. Cyathaspls ttdrdelft Ruedemann. Nearly ciimplete dorsal shield 
showing the sutures of the rostral and right lateral plates to the central disc. 
X J54. CuyTfiard Quarlziie beds, near Oljsvllk. N, Y, 

Fig. j. ryfflfw^y^rj x'an ^pec. nov. Fragmentary dorsal shkld 

showing the anterior suture of the kft lateral plauv x 254- Guymard {}uart- 
ztte beds, near Otlsvillc, N- V. 

Ficl j. PafiFiispij. sp, %'isceral \ncw of fragmentary shield showing 
stains apparently leached through from sensory canals, X J. Bloomsburg 
shak. Perry County, Pa. 


CULTURE PROBLEMS IK KORTHEASTERK 
NORTH AMERICA. 


Bv FRANK G. SPECK, 
t-^hfivrxily af PennsyinamUr 

(RcaJ Apri! J?jf, 

For ^R>e time there ha.? been a growing need of a general ^iiirvey^ 
with an attempt at InterpreUtion, of the cultural properties of the 
Indians of northeastern America. Thus far nothing to supply it 
has been produced because few ctKiiolugist^ have been attracted suf¬ 
ficiently to the region as a field of research. The culture area of 
the northeast Is an imrnerise one. Simplicity is its striking qualit)v one 
which at the first glance creates a feeling of w'ontlerment at its un¬ 
developed primitiveness, or raises an alternative thought; that it may 
be simplicit)' arrived at through recession from a more complex 
phase of culture under which these tribes have previously lived. 

The northeast however^ bears strongly upon one's consciousness, 
after more mature contemplation of these possibilities, as being one 
of the world's marginal cultural zones, an archaic one, where human 
groups have resided for a long lime apart from culture changes and 
innovations which liave arisen elsewhere on the continent. To ac¬ 
count for this we need only consider the isolated positionp the wide, 
cold and inhospitable country, thinly populated and removed from 
outside contact by reason of its continental terminal position and 
distance, bounded on the cast by the Eskimo of the Atlantic coast, 
□n the north and northwest by the Eskimo on the Arctic coast, and 
on the west and south by distant groups haring more advanced in¬ 
stitutions whose inclination was more to evade the barren north than 
to migrate into it. We can hardly think of these natives of the 
northeast otherwise than as populations who have followed the 
same mode of existence for a very lengthy period, tribes which, to 
do this, cling to the habitat of the caribou and moose, the beaver^ the 
seal, and the bear, the caiioe-birch and the long semiarctic winter, 
us say, then—fully realizing that for the present a [taper like 
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mine can hardly be expected to solve any of the problems set down,— 
that the northeastern Algonkian represent a people who very^ long 
ago achieved their adjustment to the requirements of a far northern 
existence and kept to it no matter where they had to migrate to^ 
and if they were residents of North America at the end of or Just 
before the last period of gladadon, that they retreated north ward* 
keeping to the barren territories of the north as these opened up with 
the release of the land from glacial after-conditions. 

Let us turn, how^ever^ from anticipation, to the actual survey 
of the ethnology' of the northeast and to the comparison of its features 
with those of other northern culture areas. On the whole we are 
confrootedp as will become dear, with a display of traits in the 
northeast Tvhich mark this area to be most primitive in its culture 
character, I.^ocal dewlopments are weak; the general economic 
characteristics occur also among the Athapascan and even some 
Siberian tribes. The isolation of the Labrador enclosure has caused 
it to become a vast preserve of elements which^ upon being traced 
out in respect to distribution and then analyzed for tbdr motives, 
show them to belong most fundamentally to the vast circumpolar 
culture bdt- If we can imagine tlie requirements of a crude age 
domiciled in the barren interior of a sertiiaretie environment, we can 
readily understand what features would be most important in the 
maintenance of life for a people so located. The contrasts, it might 
be added, which stand forth against the Eskimo ty^pe of culture 
bordering on the coasts are verv' greaL and yet some correspondences 
may be expected and are actually found. 

Practically no developments taking place within this area have 
achieved a distribution outside its c<jnfines, another evidence of its 
isolation and primitiveness. There has been no apparently no oppor¬ 
tunity or outlet for a backflow of either ailture or people toward the 
wTst. All the drift has been eastward. The area had perhaps 
achieved its optimum of population; the balance may have been 
reached, belong which the natives did not increase against the rigors 
of an exacting and infertile environment. Yet another reason for 
the stability of population seems to stand forth, in that early native 
ingenuity was not sufficient to overcome the difficulties and itnje- 
spon^iveness of barren nature by inventions which would have 
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eiifibletl the peijple tu exploit to a fuller fle^^ree the resources tif the 
l>eiiEi]^u1a, Thertn above all in importanceH is the further considera¬ 
tion that the region wa? otit of the path of culture difFiision. And 
Sit it rernained untouched by the advancing frontiers of agriculture, 
tlie agricultural arts, and those of native political and social change 
ivhich moved from certain centers in the southeastern, central and 
sonthwestem portions of the continent transforming unruled, unor' 
ganizcd hunting units into settled and socialised farining groups as 
we see them among the central and eastern central Algontdans. As 
a consequence of tlie geographical isolation of the northeast, espe¬ 
cially of that portion lying north of the St* Lawrence, there seems to 
he scarcely a practice or an idea that can be attributed to migration 
from neighlioring cultures. This statement might seem indeed to be 
dangerously positive, but at present it seems to be borne out hy a 
survey of the ethnic content. The one exception to it may be the 
u^e of tobacco and stone smoking pipes. 

Prcigressing to the task of enumerating the divisions and charac- 
terisiicsof the northeastern culture area as a w^holc, two w ell marked 
subdivisions stand forth, (^ne lies north of the St. Lawrence, em¬ 
bracing the entire Labrador Peninsula, except where the Eskimo 
inhabit the coast, from a line conitecling the mouth of the Saguenay 
ri^'er with the southern ext reins ly of James Bay. This includes tlie 
l^nds hitherto knowm collectively as Montagnais and Maskapi. The 
other di\dslon lies south of the St. t>awTencc in the maritime prov¬ 
inces of Canada and in Maine^ roughly from the Merrimac river to 
Oueliec and eastward, embracing seven or eight known tribes of the 
Wabanaki grouji. 

The MoxtAoxAis-NASKAPi Gkocf, North or the 
St. Lawrence. 

Wc may firsE devote attention to the northern, or Labradorean 
group, one inhabiting a vast region of alxiut 625,000 square miles 
extent with probably less than 4,000 Indian inhabitants. The cus¬ 
toms and speech of the bands throughout the Labrador Peninsula 
are in die wider sense essentially uniform. Differentiatton is chiefly 
noticeable between the smaller bands located on the southern water¬ 
shed tuw'ard the St. Lawrence, those on the northern or Ungavn and 
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Atiamic watershed, and tlie thirdly those in that (wrtion of the 
]x!ninsuhi iaciTtg* towards Hudson Bay. There has lieen in the ^sast 
a tendency among' ethnologists to classify these groupings as though 
they possessed tribal differentiation, hy referring to them as Montag- 
nais, Kaskapi and Cree, respect ivel}‘. There seems, however, to 
he iittic real cause for this terminologj’, since neither group-con¬ 
sciousness nor internal political relationship can be shown for the 
same areas, no fixed dialectic properties and no definite culture 
analogies appear to mark them out distinctly within the geographical 
lioundaries mentionetl for them. As for racial characteristics, simi¬ 
lar types, in head form, face width, complexion and stature, seem, 
from available data, equally dispersed over the whole extent of the 
imputation. Dr. Hallo welt's conclusions, from the phvsical mea- 
stirementi taken during our recent expeditions show a preponderance 
of the meso-brachycephalic type similar to the Athapascan. Recent 
niensurenieuts from the area are about the same as those previous!v 
published by Boas. 

It would then be more appropriate, I fjclicve, to refer to the 
Indians of the whole area as Montagnais-S'askapi, there being some 
authority in earlier literature for the retention of these two names. 
The designation of tile bands on the eastern coast of James and 
Hudson Bay as Cree, by Skinner, proves upon further test to be for 
the present inadvisable, in view of the fact tliat the dialects here pos¬ 
sess affinities with those of the Labrador interior as much as with the 
Cree proper, I must also give Michelson credit for haHng reported 
the same conclusion some years ago. And again a correction may 
be made In the prevailing opinion, one much promulgated by ethno¬ 
logical writers, that the Height of Land, forming the watershed be¬ 
tween ^the St. Lawrence and the Arctic drainage area, is a boundary 
dividing the so-called Montngnals on the southern side from the 
so-called Naskapi of the north. It turns out, indeed, that the in¬ 
habitants of the southern coasts, from about Seven Islands eastward, 
are, in both speech and habit, almost Identical with the interior groups 
recognized as true Naskapi, and hence deserve inclusion with tliem. 
The amoimt of our material, it may be confessed, both linguistic and 
ethnolpgieaJ, has heretofore been sufficiently meagre to excuse such 
inaccuracies in nomenclature of which we have all been more or less 
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guilty. It is only since some knowledge of the forms of speech and 
customs of the remaining bands of the central and eastern interior, 
and the eastern coast, has been act^uired that we are permitted to 
offer the following stirv'ey. which will, in subsequent years, have to 
be still further corrected and improved. From a cultural and at 
the same time a dialectic viewpoint, the whole peninsula falls into 
three subdivisions, the niost extensive and the most simplified one 
is that covering the whole northern, the central and eastern territory, 
that is, roughly outlined, from I^e Nichicim (Lat. 53, Long. 71). 
in the interior, north to Ungava Bay (Lat. 58), east to the At¬ 
lantic Labrador coast, where, of course, the Eskimo range cuts it 
short. The same grouping embraces the southeastern coast, coming 
up into the Gulf of St. Lawrence about as far as Seven Islands, ( Lat, 
30, Long, 66). This is the area to which the term }<askapi has been 
applied quite generally in the past, and we may still refer to the 
hands within it by the same name. Among the natives themselves 
the term Naskapl denotes a crude, uncivilized being (jnjjfrrcp/ii). 
From this point on, ascending the Gulf and river coast of the St. 
Lawrence to a little above Quebec (Lat, 47, Long. 72). and then 
sweeping northward to a point, above Ijike St. John, about Lat. 5t, 
^-ong. y2, and eastw'ard following the Height of Land back to the 
longitude of Seven Islands. 15 the boundary of the traditional Mon- 
tagnais cultural and dialectic type. The Indians realize marked 
differences between the bands occupying the interior and those near 
the coasts. The former are called " People of the Interior," {A'otfi- 
jfH'tcTifiiidtj), the latter " People of the Sea " (WmipegyAimtls). The 
northwestern sector finally, from below Rupert House (Lat. 50, 
Long. So) and Rupert river northward as far as the uninhabited 
region north of l^ke Minto (Lat. 57), and east to about latitude 
72, is characterized by a set of dialectic and culture factors entitling 
it to recognition at present as another separate subdivision. It re¬ 
mains as yet actually an unknown block, For this undergroup we 
may propose the name Mistassini-Cree, accepting the authority of 
those who have referred to the Dfistassini Indians proper as exhibit¬ 
ing the typical culture traits of the hands residing immediately 
north and west of them. Since, however, the Mistassini have been 
ocCMionally called X’askapi. it might be unnecessary to give this 
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group a ^parate naiiie were it not ior the divergetice of their ^ipeech, 
in respect to phonetics, from That of the accepted Naskapi in 
the central and eastern interior. There is reason to think, also* 
that when tnore is known of the populations northwest of the Mis¬ 
tassini, those lying on the Hudson Bay Coast, other characterisrics 
in social and religious matters will cati&e them to rank somewhat 
farther apart. 

Within the Labradorean group may be included the former 
Beothuk of Newfoundland, whose identity confronts us as one of the 
world's ethnological puzzles. There are some undecided affinities 
between this group and the EskimOp the Montagnais-Naskapi and the 
Wahanaki. The entire absence of satisfactory^ Linguistic matter how¬ 
ever, makes the Beothuk identity uncertain, though an Algonkian 
nearness has been noted. Other ethnk features, and the scant 
cranial material presented in the museum at St. John's, examined 
and measured by Michelson, suggest derivation from the Labrador 
mainland. A general survey of extant culture remains in New¬ 
foundland also suggests a Labrador rather than a Wahanaki rela¬ 
tionship, unless one regard the so-called Red-Paint ailture of Maine 
as constituting a true and independent type and its horizon to have 
extended far enough east to ha\*e auciently encompassed Newfound¬ 
land. A word or two might be added concerning the characteristics of 
Beothuk art, of which over a hundred specimens, in the form of carved 
bone ornaments, have been figured by Howley. The prevalence of 
carv'ed zigzag and triangle pattern series, to the exclusion of almost 
any other motives, corresponds to the type of decoration so noticeable 
on the one hand in western Eskimo, and on the other in Micmac and 
Wahanaki carved OTnamcntation. The resemblance is striking 
enough to present an invitingly i>crplcxing problem. 

For the puxpose of specification, we may retognize a certain inte¬ 
gration of groups m the whole northeastern culture area which may lie 
referred to in the use of the term band.” I chewse this in the sense 
proposed by Goldenweiser, meaning a group inhabiting a fairly defi¬ 
nite territory^ with a more or leas stable number of families, possessing 
paternally inherited privileges of hundug within tracts comprised 
again tvilhin the boundaries of the territory* often having an elected 
rhief, speaking with idioms and phonetic forms by which they and 
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outsiders distinguish themselves as composing a unit, often with 
minor emphasis on this or that social or religious development, often 
with somewhat distinctive styles of mannfacturc and art. and finally, 
travelling together as a horde and coming out to trade at a definite 
rendezvous on the coast. Intermarriage, in the majority of cases, 
is also within the families of the band, though it should not be 
imagined that anything but the most humanly expedient associations, 
economic, social and marital, may exist between neighboring hands 
and even sometimes between those whose central haunts may be some 
hundreds of miles apart. 

The more or less separate bands oF the Labrador peninsula num¬ 
ber approximately, so far as we know at present, twenty four. Since 
I hart only recently determined most of them, the names and loca¬ 
tions given should be regarded as tentative in the case of the more 
remote northw-estern groups, concerning whom we have merely 
Information derived from indirect native sources and not through con- 
tart, The band names may accordingly be announced as follows: 
White Whale River. Ungava, Barren Ground. Big River. Kaniapus- 
kau, Pelisikapau, Michikamau, Northwest River. Nichikun, East 
Main, Rupert House, Mistassini. Lake St. John. Chicoutimi, Escou- 
mains, Bersimis, Godbout, St. Marguerite, Shelter Ray, Moisie. 
Mingan, Natashquan. Musquaro, and St. Augustin, At present it 
will suffice to say that these bands are located in the drainage areas 
of the rivers and lakes whose names they bear. 

Here in the labrador area we observe the exclusive occupation 
of hunting, trapping and fishing, not even relieved by llie excitement 
of warfare. The equipment of the chase included the simple bow 
and arrows with bone points. The arrow feathering and the so- 
called Mediterranean form of arrow release suggest Eskimo influ¬ 
ence. (The map of distribution in Wissler's latest book is in error 
m respect to this region.) A lance with bone point, for spearing 
caribou and beaver, and the toggle harpoon for salmon and seals bear 
also the same complexion. The usual crookcd-knlfe with an iron 
blade IS in common use. Gill nets both of twine and "babiehe.” 
and bone pointed fish-hooks, which require to be sw'allowed by the 
fish, are employed. Snares and deadfalls are in constant service. 
In transportation the hark canoe, the man-drawu tobog^ti, and in 
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later times the sled drawn by dogs, and. above all in importance, a 
very broad rounded snowshoe are characteristic. The snowshoe 
5 tands forth so prominently in the whole area that Birket-Smith 
speaks of it as a snowshoe cvilttire area. The hands in the southern 
pan of the peninsula have adopted the French manner of dog harness¬ 
ing W'ith shafts and tandem traces; those in the north and east^ that 
of the EskimOp with the single dog-trace in span formation. Shelter 
13 provided by the conicah many-poled birch-bark wigwam in the 
southern area, while in the norths where bark cannot be gotten, it is 
of caribou skin. The question of a three or four pole foundation, 
emphasized by Wissler, does not enter here since the poles are not 
taken down when camp is moved. The dome-shaped lodge of skin 
and canvas is also general among the northern and eastern bands. 
Heat and light come from wood fires, A noteworthy feature here 
is tlic hdnter^s temporary shelter, an open-topped head-high wind¬ 
break of canvas or skin thrown about the ivigwam poles. Protection 
from cold depends solely upon immense fires built low within a 
trench in the snow. The Athapascan resort to a similar practice. 
Qothing is of woven hare-skin coats with hoods, and leggings^ and 
wrist bands, neck bands^ wraps^ separate sleeves, socks^ wraps and 
robes. Besides the w'Oven hareskin winter cJothing, oirihou skin 
hooded and sleeved long-coats and leggings, with detached mocassins 
are usual forms of garments. The men mostly w^ear their liair 
bobbed at the neck, some w^ear it long and unconfined except for a 
rag or band to keep it out of the eyes, the W'omen theirs wrapped on 
little wooden blocks hanging over each ear. In housdiold furnish¬ 
ings there are the ubiquitous birch bark baskets and btickets and 
food vessels, for the most jiart ornamented with etched designs. 
Bags and pouches of many varied forms, are made of animal and 
bird skin with the pelage and plumage left on. 

Tools and implements are largely of bone and antler; harpoons, 
arrowheads, fish-barbs^ skinning-lools of bear tibia cut obliquely, 
hair-scrapers of caribou leg bone sharpened at one side, grease-scrap¬ 
ers of the same bone cut obliquely and notched at the end, snowshoe 
needles, aw'b, knives, meat-picks, perforators, needle-cases, hag-fas- 
teners and pipe-cleaners. It b indicative of an early phase qf in¬ 
dustry that the bone tools are never halted bnt used in the naked 
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hand. In woodwork thert are shallow oval bowls, sixwns with flat 
wide bowls, needles for weaving hare-skin garments and robes, net 
needles, canoe-mallets, knife- and awl-handles and net-floats. Among 
recent manufactures iron has come into use for the crooked-knife 
blade, semi-lunar scraper used on seal-skins, awl-point and European 

and 

Stone implements are restricted to hand mauls for breaking 
caribou hones and pounding meat, net-sinkers and whetstones, and 
the beautifully conceived, thin-walled, slate tobacco-fMpes with a keel 
base. On pre-European camp sites wc find the curved edge stone 
gouge, a slightly grooved axe, slate points and large quartzite and 
quarta chipped blades evidently ancient knives and scrapers. The 
stone missiles are not generally barbed, though they have a stem, re¬ 
sembling these of the Eskimo. 

Art decoration includes painting on leather, birch-hark etching, 
and in later times, beadwnrk and silk embroidery. Color symbolism, 
animal and plant realism, and conventional double-curve designs with 
tree and floral forms ha%'ing prophylactic values are prominent. The 
geoinclrical zigzag and triangle are also patterns. Designs Itave spir¬ 
itual control powers, are of dream deriration, act as fetishes, in short 
are symbolic factors. The wide, shallow, single-headed drum with 
S^res or buzzer, is general, and a skin rattle, both serving in indi¬ 
vidual religious and shamanistic accompaniments and in assembly 
dances. .Among amusements the pin and bone game of a somewhat 
Eskimoan form is prominent. 

There is, in short, no religious organization nor are there group 
ceremonies; no organized government, seldom even chiefs, no regu¬ 
lated inheritance of chieftainship, no reflations tending toward 
social control, no mother-in-law taboo, ng betrothal nor marriage 
ceremony other th^n the social dance. 

The 5cx:ial organisation of the whole ^oup seems to be based 
solely upon the family unit, in tile kinship sense, each having its 
own mherited, somewhat fixed, territorial limits. Personal names 
here generally have reference to some personal peculiarity; sobriquets. 

Mythology and folklore correspond rather closely w-ith those of 
the trans-Laurentian Wahanaki tribes, in the characteristics of su¬ 
pernatural beings, in the weakness of ceremonialism, and in the 
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general individuality of wrsions as told by different narrators. The 
attributes of the triekster-transfomier hero appearing here under the 
name of Tsekibec (Tsekabesh), for which at present no trustworthy 
meaning can be suggested, indicates that there is reason to think that 
the career cycle of the hero resembles both that of the Cree-Ojibwa 
and the Wabanaki. 

The belief in supernatural owners of the ganw is widespread in 
Labrador, and is apparently exclusive to the Montagnais-Maskapi 
among northern Indians but it brings up again tliat perplexing ques¬ 
tion of eastern North American and Paixasiatic correspondenees. 

A feature of individual hunting ceremoniaiism in the whole tiortli- 
eastem area, north of the St* Lawrence, is tlie niasabini, or ” dance 
string." I have treated this object in a short paper, describing it as 
a pack* or carrying-strap for small game, decorated with symbols 
representing dream-helpers or in some eases game animals desired 
by the hunter. There is much individual variation in its features- 
This object is held tn reverence by its owner as the source of dream 
revelations as to the whereabouts of game. We find its employment 
general among the AIontagnais-N'askapi, and even weak %'estiges of 
its former occurrence among the Wabanaki. As yet only inferences 
may be drawn as to its existence among the .Athapascan, from one 
direct reference to it among the Loucheux. I believe, howe«r, that 
it may yet be reported more generally' from the northwestern interior. 

simitar situation seems to exist in respect to the general distribution 
of the hunter's dream revelation aside from association with the 
niMahan. We have, of course, a continuous di.stribution, over the 
northeast, of dream instructions concerning the hunt. This sub¬ 
ject I have dealt wdih in more detail in separate papers. While it 
has not lieen emphasized in the Athapascan region as a psycho-reli¬ 
gious feature, its presence there may be interpreted from the myths 
already available collected by Petitot and Goddard, Another cere- 
ntonial feature diffitsed over the whole north is scapulimancy; divi¬ 
nation by means of scorching an animal's shoulder blade and observing 
the cracks and burnt spots. Beginning with the northeast we find 
this practice of divination to be general and fundamental among the 
Afontagnais-N'askapi. It does not. however, seem to have crossed to 
the sottlhward of the St. Lawrence, judgfing from existing Wabanaki 
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silurces- And to the westward we have a reference to it among the 
Athapascan, from only one mention so far ^ I knoWp recorded by 
\\ hitney among the Dog Ribs. A^^hile its American occurrence vir^s 
overlooked by Kroeber in his recent volume—pardonably enough 
since it had not been recorded in print although known and observed 
some years ago—the same author has traced and emphasised its 
widespread occurrence throughout northeastern atsd Central Asb, 
and e%'en westward into the ancient cbssical Mediterranean region 
and northern Europe, as an associate of sheep domestication. I 
might add that in this idea we encounter one of the most significant 
indications of circumpolar culture affinities that can be cited. 

The foregoing remarks arc intended to summarize the ethnology 
of the Ijabrador area. Tjiicalized de%'elopments in the northeast are 
few in comparison wTth those belonging to the older niore funda¬ 
mental culture layer covering both sides of the St. I^awrcticc. The 
lack of development in organized shamanism, government, socbl 
organization, religious ceremonies and economic processes is signifi- 
cant. Evidently culture contact with other Algonkian groups, who 
have benefited by contact in their turn with more southerly centers 
of diffusion, touched the surface of the Labrador region only very^ 
lightly^ and even then only on its southern and southwestern margins. 
1 may add that hardly a thing can he pointed out as indicative of dif¬ 
fusion from froquoian sources; a consideration having an impcuiant 
bearing upon the problems of the north, because we shall meet with 
strong Iroquoian influence south of the St. I^wrence as we nnw 
come to the survey of properties of Wahanaki ethnology. 

The WAtiANAKi Group South df the St. Lawrence, 

South of the St. Law'rence river, that great cleavage line of Al- 
gonkian culturo and physique in the north, reside the tuemhers of 
the \\ alianaki group* l>eg!nning w^ith the Pigwacket of New' Hamp¬ 
shire, extending eastward and embracing the Sakoki, x^roosagunta- 
ectok and Norridgew'oek. and the better knowm Waw'cnock, Penobscot, 
Passaniaquody, ^Talecite and Micmac, with an approximate native 
population of some 6,000. Here a relatively uniform set of internal 
features, all the fundamentals, compare rather closely with the cor¬ 
responding properties of the Laljradoran group. But a number of 
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evidenily mora recent acquisitions seem to Indicate a departure from 
the older coiutnon level. The Wabanaki ^roup shows ns again the 
preponderance ol snow-shoe hunting and economic winter-activity, 
the Important feature of well-defined family hunting territories and 
]oo.sely organized socieh- manifesting a tendency toward patriarchy* 
Here likewise the chiefs lacked pronounced power, though a con¬ 
federacy developed later modeled after that of the Iroquois. In¬ 
dustrial life w^as characterized by the constant use of birch-bark for 
the covering of the conical, tipi-like wHgwams, canoes, baskets and 
containers, even armor. The iron-bladed crooked-knife, and the 
iron double-hand led draw-shave are here as they are all through the 
north. The area is characterized^ too+ a particular phase of north¬ 
ern art in which floral patterns and curves lead in importance where 
the field is bead work. The bead work is probably a development 
from an earlier painting technique or moose-hair embroidery^ In 
other fields of decoration, w^oodwork, and the porcupine quill work of 
the Micmae^ the triangle and zigzag are characteristic figures. The 
dog w-as present as a domestic creature aiding in the hunt, but never* 
in this area, for drawling the tobc^gan. The snowshoe is indispen- 
sible and has a medium width, Certain peculiar properties in archae¬ 
ology- such as the Jimitation of types of utensils to the gouges, celts, 
slate bayonetdike spears, and so-called plummet stone'" stand out 
prominently, w^hile small stone arrowheads, grooved axes and pot¬ 
tery^ (except on the coast) are scarce. Special mention needs to be 
made of the siinp^ival aniong these tribes of the moose-hide canoe 
w^hich Birket-Smith assigns to an antiquity equal to that of the 
Eskimo kayak. Tliis craft points to an early period of northern life 
even if the importance given it by him be challenged. 

Despite the evidences of an ancient northern culture among the 
Wabanaki tribes we can perceive a radical influence in political, so¬ 
cial and religious life and mvihology, resulting from contact with 
highly organized more sedentary' tribes on their southern and western 
margins. Since there is practically nothing to be said, so far as ss 
now known, on this point when referring to the Montagnais-Naskapi, 
we discover here oiir main interest in respect to problems of diffusion, 
fine almost exclusively to education by contact with the Iroquois, the 
Wabanaki nomads, of an original culture and temper comparable with 
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that ot the l-abfador nomads, later in their dEvdopitient acquired 
mai'^ep tobacco and bean culti’V'stion. These brought in a mass of ad¬ 
hering: customs and beliefs. Among such are included potter^' 
(though we should not be too certain that a crude pottery industn- 
liad not developed earlier associated with 3 meat diet), splint basketr\\ 
the wooden corn-mortar and stone pestle, a nunil>er of recipes for 
preparing food, together with planting, anfl han'esting cusiomsp and 
folklore. Besides we have reason to include most likely son>e in- 
Ruences in the form of garments, hair-dressing and the wooden Ijaby- 
carrier. A simplified form of the Iroquois game of snowsnake is, 
for instance, another diffusion as far eastward as the Penobscot at 
least, something for amusement and gambling strangely unknown to 
the Montagnais-Naskapi. 

Some of these influences reached only part ivay across the ^fari- 
time Provinces, having little effect upon the tribes east of the An¬ 
droscoggin and Kennebec rivers. The arrested passage of a number 
d£ Iroquoian and central Algonkian material trails eastward may 
account for their presence, often thoroughly assimilated, among the 
Abenaki of St. Francis* and their corresponding weakness, poor as¬ 
similation, or complete absence among the Penobscot, Malecite and 
Miemac. Many of the dances and their songs are analogous to those 
of the Iroquois. In the field of religious ideas and mythology we 
notice many differences betw'een the north and south St, Lawrence 
areas, most of which may also he attributed to Iroquoian diffusion 
working eastward south of the river. Yet It should be emphaslied 
that there i$ a deep suh-slratum of resemblance, both negative and 
positive, in the mythoIog>^ of both subdivisions. The culture-hero 
conception of Wahanaki cosmology Itas a peculiar analogous qualitj' to 
that of the Montagnais-Kaskapi, something sdll to be studied. As has 
been remarked of economic life, the assimilated Iroquois and central 
Algonkian features in mytholog)' become less noticeable as we pro¬ 
ceed toward the Micmac on the far eastern extreme. Il is quite 
evident that this group is the most divergent of the Wabanaki divi¬ 
sion which, as Dixon has pointed out some years ago* may be at- 
tributed to an earlier wave of eastward migration. Referring to the 
prohability of certain h-pical older Algonkian sub-strata of mythol- 
og>-, we note in the extreme east, the absence of certain things fun- 
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damental in the iifi>thol<^y of ihe central Algonkian and the Iroquois, 
notably the flood stoiy* and the earth-diver theme. 

The social subdivisions of the Wabanaki were the family bands, 
with territorial locations paternally inherited^ There is consitlerable 
social similarity with the Labrador tribes. The family groups bote 
animal names denved from the principal animals figuring in tlieir 
territories. Personal names vnere generally derived from animals, 
often the family animal patronyms. They appeared as nicknames 
referring to some persona! peculiarity'. War names, titles or those 
referring to incidents were not of comtnon fxciirrence. 

Another social feature of this area was the segregation of young 
unmarried men in a lodge by themselves. Their mission during this 
period was to cultivate running power and endurance to pursue the 
moose, for communal provender. Fomial marriage and betrothal 
rites are present also, the medium of proposal being wampum. These 
complexities by contrast, do not appear north of the St, LawTcnce. 

The social and political superiority of the Iroquois was vi'aging 
a successful conquest over the Algonkian starv^elingSp"" as one 
ethnologist has called them, of northern Xew' England and tite Mari¬ 
time region, but Iroquoian contact could not educate them out of 
their indiridualism and into tlie community sphere. Nor could the 
same induence convert their religious life from its simple belief in 
personal guardians, dream-controls and forest demons, into the or¬ 
ganized cults of the Central xAlgonkUn region. Shamanism illus- 
trates a similar aspect. The individual conjuror's practices of the 
w'hole northeast contrast with the assembly performances of the 
Iroquois shaman societies and the Central Algonkian Midh^n society. 

Agnail lure can hardly be regarded as having existed in the early 
culture complex of the north, where the Algonkians are most typi^ 
cally revealed, for the details of com cultivation, my^h, and cerenvony, 
are correspondent with those of the Iroquois and do not extend east- 
w-ard beyond the pale of Iroquois influence in general. Since com 
can be cultivated farther north than it w'as in early historic times, we 
may reasonably assume lliat its cultivation would not have been 
abandoned in any native migtation to a region w^here it could possibly 
be retained even w^ith great effort. Abandonment under adverse 
physical conditions is not the fate of agriculture when once acquired 
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either in neolithic Europe* or, to cite a ca&e in the Xew W'orld, in the 
arid southwest. 

That the \\^abaiiaki peoples have been undergoing a culture meta¬ 
morphosis from a simpler stage, originally adjusted to a northern 
environinent, into a more developed one, throiigh the influence of 
Iroquoian proximity just considered, seems fairly tnanifest. An 
mtimate study of Penotiscot eihnologi^ ishows forth* indeed, several 
lime strata, the upper one being marked by the display of many more 
advanced social and economic properties. The change Jn ailture 
brought about by the arrival of the Iroquois on their borders seems 
lo have been curiously coincident with an alteration in climate and 
fattnal distribution in the Latirentic region. 

To make clearer the change in life w^hich has aiTected the southern 
and southwestern margins of the northeastern Algonksan habitat 
zonty one maj' refer to the northward movement of fannaJ and floral 
life Avhich has had its influence upon culture properties. It is 
well known, for instance, that certain of the animals of the Transi¬ 
tion 2one are moving beyond their former limits into the Hudsonian. 
For instance, a northward tlrift of the moose has been observed, 
working toward the northwest and tow'ard the northeast, and the same 
is true of the red deer in the northeast^ which have only within the 
last two or three years been first met wulh and killed by hunters of the 
Lake St. John band of Montagnais. These cendne movements have 
been accompanied by what seems to be a retreat of the caribou tow^ard 
the north. A related movement has been especially true of the caribou 
and deer in Maine. With the introduction of animals belonging 
to a warmer zone, a change has actually been recorded for some of 
the Algonktan tribes within the past two generations from a primarily 
nomadic hunting type of life, eoncemed with the caritM>u and moose, 
to one more settled in character, partly agricultural, and centering 
around the Virginia deer. 1 hese changes are tistially contemporanc' 
ous with the introduction of splint basketry, the decline of the bitch- 
bark basketry* and an introduction of ethnic features which seem 
comparable to those of the Iroquois. PoiteryH in the north, may be 
^wsslbly ascribed to such a culture diffusion. I refer to the Penob¬ 
scot of Maine and lo the Ifontagnais in northern Quebec as examples 
of this recent culture change. With a broader vision of human cub 
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ture qhange?^ in mind it s^eems to suggest an analogous ptrture to what 
we believe happened in European prebislor^^ 

The Arch.colocical Problem. 

Having now touched lapon the fnndanientaU of crultuTe among the 
two major divisions of the northeastern Algonkian north and south 
of the Str l^wrence, we rnay turn to the consideration of some 
general problems concerned with both as participants in the same 
original and prohahly ancient complex. The archaeological question 
confronts us at once. 

In view of the climatic and geographical conditions it s^ms safe 
to say that no other type of culture can have existed in the far north 
than that possessed both by the Eskimo along the coasts and the north¬ 
ern Indians who occupy the inland regions today. And if, as Steensby 
believed, the palxo-Eskimo were an inland people, then we might 
imagine the two, early Eskimo and Indianp to have carried on a 
similar life at an earlier period by force of economic circumstances. 
If Steen shy's argument in favor of an interior origin for the pre- 
Eskimo be regarded favorably, or if it turn opt to he demonstrable, 
then may account for the resemblances in culture tnarking the 
Eskimo and the northern Indians in genera!, for the normal economic 
life of the Indian is strikingly like the Eskimo summer life. The 
latter phase Steensby accepts a? the fundamental Eskimo culture 
setting] the winter phase a development, No matter just how the 
soludofi may develop, we are coining slowly to a conviction of Eskimo 
and pal^-lndian,^ possibly pal«eo-Algonkian. economic adinity. The 
annual cycle of the suh-arctic Indian embraces two phases of exist' 
ence in a respect reminding one greatly of the seasonal changes of 
living among the Eskimo, which have regarded by Boas, Mauss, 
and Steensby as a primar}' characteristic of their ailture. The 
northern .Algonkian, and, bo far as we can ascertain from still incom¬ 
plete records, the Athapascan as well, perform a seasonal migration 
from the interior steppes and forests w-here their winter hunting- 
grounds are located, to the coasts or to the great bodies of fresh 
water, to spend there the early summer^ returning when the season 
of insect pests, forest fires and drought have ended, to their winter 
stations in the interior, ITiat this migration is fundamental to north- 
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€m culture is shown by tlie accordance between the movement and 
the intention oti the part of these nomads to allow the game in their 
family hundog-disiricts a period of quiet for the purposes of recuT 
peration. Principles of game conservation vvhich are general in the 
iK:onomic life of the northern Algonkianp as I have irndertaken to 
show in a number of papers on the subject, are only possible under 
the conditions outlined above. During the suninier season at their 
water locations, the northern populations subsist upon Bsh, i^-ater 
fowl, eggs, and in the instances where they come out from the in¬ 
terior to the sea, sealing becomes an important activity, I shall refer 
later to the significance of this dual culture pattern in an attempt to 
suggest an explanation for the dilferences in aTcb«)lr^cal material 
which characterize culture levels in Maine and in l-.abradDr; material 
regarded by some as referrring to different chronological periods in 
hunian history, if not to different racial grou|>s. Whereas if we look 
at it from this point of view it is not impossible that these same may 
be differing phases of life of a single people, comparable to those just 
mentioned, of contemporaneous occupation. While the direction in 
respect to seeking land and water in the summer migration is the op¬ 
posite in the case of the Indian and the Eskimo, nevertheless the 
primary character of the rnovement has in both cases a similar and 
a related origin—a seeking for requirements which have develojjcd 
into necessities of life in their own culture sphere. The almost uni¬ 
versal x-\lgohkian dependence upon hunting and fishing, as insisted 
upon by WissJer, the accompanying limited nomadism, the develop¬ 
ment in means of forest transportation, and hunting on snowshoes 
all illustrate the basic features of northern (ndtan culture. While 
the annual winter migratiem is from land to sea on the part of the 
Eskimo, especially those west of Hudson Bay, it appears as the re¬ 
verse among the northern Indians. The northern Indian and Es¬ 
kimo cultures, then, seem largely differentiated through the develop¬ 
ment of winter culture among the Eskimo. The two in summer 
would be lining less in contrast with each otlier than the same Indians 
and their Algonkian relations on the Plains* for instance, or in the 
upper Mississippi region where they practiced agriculture and ac¬ 
quired its associations, nre in a position, to cite one case, to 
understand why the Eskimo will eat raw meal, while the Indian nevet 
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does. The former h often oiiliged to feast upon meat without being 
permitted by the nature of his situation to prepare it by means of fire, 
as for example, when game has been killed on the sea ice. The 
Indian is seldom under this stress, sinee his game inhabits the dmber, 
be it ever 50 small, where fuel is obtainable. 

A solution of the archeological problem will, nevertheless^ be 
impossible until much later despite our most ardent hopes at the 
present. Things may even de^'elop to remind us of the theory of 
racial migration eastward in the north, at least as far as it concerns 
the interior peoples and cultures, suggested some time ago by Sol las* 

The presence of a t>"pe of culture in centra! MainCp somewliat 
specialized in respect to burials, accompanied by quantities of red 
ochre, abundance of grooved gouges/^ so-called plummets " and 
long slate spear-points, has provided ground lor recognition of an 
asstimedly very old culture by Moorehead tinder the name of Red 
Paint people. This introduces another aspect of the problem^ The 
absence of Skeletal material from this le\'eL however^ makes specula¬ 
tion regarding authorship as yet reliant entirely upon stone artifacts of 
limited class-types. On the Maine coast are shell-heaps containing 
the remains of long-headed people who employed much bone in imple¬ 
ment making and who made potter)'- The ustiaJ types of stone ob¬ 
jects from the Red Paint graves seem not to be represented in the 
shell-heaps and vice versa. Hence there is a tendency to regard them 
as products of different ages of industry, the shell-heaps being sup¬ 
posedly later. While there is some plausibility in such an explana¬ 
tion, according to the usual methods of archiology^ it should not be 
overlooked that the Algonkian of this as well as of the Labrador 
region rotated through two cycles of economic life, the one consisting 
of a short early summer season at the sea and lake shore engaged in 
fishing and, ivhen at the sea coast in gathering shellhsh. The same 
seasonal variation marks the ethnic life of the existing Labrador 
tribes as well as those recently inhabiting Newfoundland* and a cor- 
responding double phase of atdisolog)' seems, despite the lack of 
general survey knowledge, to*be true of some parts of the southem 
Labrador r^on. This habit would $eem to go back then to very 
early times. From the interior sites come the gouges, axes and 
chipped quanzite edged-took, evidently implements of the chase^ 
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scvoraJ types of which seem to correspond with those of Maine l>oth 
in form and in frequency of occurence. Then there are the shell- 
heaps on the southern Labrador as well as on the Maine coast, though 
the former are nowhere as deep as those in Blaine. From the in¬ 
terior locations in both areas the implement types contrast with those 
of the coastwise shell-heaps. In both areas the annual summer mi¬ 
gration to the coast and the fall migration away from it is note¬ 
worthy. Might this fact later prove an approach for the understand¬ 
ing of the apparent stone-age culture differences? Along this line 
consideration might be given to the question arising from the absence 
of certain implement typ^es in the shell-heaps which occur in the in- 
feriorp and the absence of pottery and bone implements in the Red 
Phint burials of the interior while they exist in some abundance in 
the shell-heap sites. We could^ how'Cver, imagine that the specialized 
life of the coast sojourn in spring — in contrast w'llh the winter life 
amid the snows of the interior—where a different diet would be con¬ 
sumed, where shell-fish, fish and seals w^ld be takenp where the re¬ 
quirements for fire and shelter would be different, that the bow and 
arrowy lance, and w-ood-getting activiltes of the winter period, sub¬ 
sisting on moose and caribou, w’ouid bring into play implements for 
which there would be no need w'hatever on the coast during the w^rm 
season. Such a thought alone could account for the frequency of the 
large stone gouges in the red-paint burials of the interior and their 
lesser frequency on the coast, if w^e assume that these tools w-ere 
employed in tree-felling. For the fuel problem would assume pri¬ 
mary importance in the winter life of the northern natives before 
the acquisition of European axes, and w^e may plausibly expect that 
some of the primary tool types m stone must have served in fuel- 
getting. If the aboriginal peoples of the interior of Maine roasted 
much of their caribou and moose meat for their winter subsistence 
they would not be unlike the Montagnais-Naskapi of today, and they 
would not ha.ve missed their cooking vessels. Besides, when occasion 
arose, birch-bark vessels have been brought into use for boding with 
stones. 1 am almost inclined to say that the ordinary eartbenw'are 
vessels of the Algonkian type would not have endured (he cold and 
exposure of the nomadic northern winter-period. We have a some¬ 
what similar instance in the case of the meat-eating Pbins culture area 
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whose nomadic populations got along without potterv- vessels. As 
loi^ as Moorehead's idea of two cultures in Maine still continues 
to hold its plausibility, and until skeletal remains from the interior 
are obtained, and until the arclneologj' of the Labrador interior is 
known, this as well as other interpretations of conditions must re* 
main only suggestions. 

If some such device as Ekmgtass’s tree-ring method in the south¬ 
west, or Montelius's clay-lamins studies in Swedish archaeology could 
be found here, we might be in a more solvable situation. But the in- 
terforniational nux-iip in the archaeology of eastern America leaves 
ns in chaos at present, except for some indications perhaps of strati- 
ftcadon both vertical and horizontal, of possibly several supposedly 
Algonkian strata beneath those of Iroquoian determination, brought 
forth by Skinner and Plarker. 

A feature of much importance to us as a tentation toward an un¬ 
derstanding of early culture in the northeast is the preralenoe of bone 
utensils of many forms in contrast with a paucity of stone material. 
Skinner, in particular, does not consider a proficiency in bone-work¬ 
ing to have been an earmark of early Algonkian industry. It has 
generally been thought that where supposedly Algonkian sites, show 
an abundance of bone material that this has been due to a patterning 
after Iroquois industry. In Labrador, and to a certain extent in the 
Wabanaki area, the preference of bone material for the manufacture 
of arrow-points, harpoons, knives, skinning-tools, scrapers, awls, 
perforators, needles, punches, needle-cases, and fastenings for bags, 
is a striking note in native industry'. Some of these bone articles 
among the Montagnais-Naskapi have undoubtedly been patterned 
even after Eskimo tools, some of them actually obtained directly 
from the Eskimo and imitated by Indian workmen. Stone tools arc 
limited in scope in this region. We find hamrnei^ and mauls, grooved 
axes and a few flaked stone blades representative of the types of lithic 
industry. There seems good reason to regard bone-working, in the 
Labrador region especially, as an art of great antiquity, since in the 
shell heaps on the south coast of the peninsula these implements also 
occur. WTiether or not we arc to expect the discoviery of an older 
and lower stratum of culture in this ri^ion show'ing a greater preva¬ 
lence of stone material is a question still to be settled. Tile explore- 
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lion of Sites in the interior is, accordingly, a matter most urgentlv de¬ 
manded. I cannot resist the temptation, while mentioning the bone- 
working industry, to refer to the resemblance in form and function 
between the implements here in northeastern America and those found 
in the closing period of the Old Stone Age and in the Transitional 
(Epipaliolithic) in Europe. The specimens which have been illus¬ 
trated by Obermaier as coming from the Aztlian and Maglemosean 
levels in Eurojie suggest some forms which are familiar in the con¬ 
temporaneous life of the Labrador Indian, .^mong them is a per¬ 
forated hone-pointed implement described as “ bone-polishers.” It 
is difhcnlt to conceive just what objects could have been polished by 
implements of this type but when we find bone pins and fasteners 
used among die northern tribes to fasten hags and pouches of skin, 
and when both .American anti European forms have a hole near one 
end evidently for the attachment of a thong, a more plamsihle explana¬ 
tion of use seems at once suggested. The leg bone of a large animal 
bevelled to a cutting edge occurs both in the European age referred 
to {and possibly as far liack as in the Moiisterian) and in^northeast- 
ern America—in Europe being regarded as an “ ax,” but in Labrador 
constantly observed in use as a skinning tool, brought into service 
after the beast s hide has been opened at the belly by an incision with 
a sharper knife. Again the sharp bone-pointed ” fish-hook,” as it 

been called in Europe where ooairring in latest Palaeolithic levds. 
IS likewise a fish-hook, almost identical in form among the Montag- 
nais-Naskapi. But here the hook is fastened at an abrupt angle to a 
wooden or bone shank by means of a raw-hide lashing, which, when 
swallowed by the fish with the bait which has been wrapped around 
It, causes the fish to be impaled by its gullet, not by its gills. 

Eskimo and .Atrapascan CoRfiespoNCEjfCES with the 
Mortheast. 

We may now touch upon the question of contact and reciprocal in¬ 
fluence between the Eskimo and the northea-stern .Vlgonkian divisions. 
It should be recalled that until the seventeenth century there had been 
a long period of conflict between the Montagnais-Naskapi and the 
Labrador Eskimo beginning on the Hudson Bay coast and terminat¬ 
ing on the Atlantic coast. This leads us to entertain the inference 
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that considerable later borrowing might have taken place in both 
sectors of the I-abrador area. We shall see shortly that the commoTi 
possessions of the two races m this section are quite numerons, but 
the problem is somet^hat different when we try to trace the origin of 
some peculiarities which confront us in the physical characteristics 
and culture properties of the Wabanahi below the St, Lawrence, H 
we had dehnite information to prove the earlier existence of Eski¬ 
moid populations in this 2one, it might be easier to e.xplaiii why the 
Wabanaki are longer-headed and why a few peailiarities of industr%\ 
costumcp shamanism, and mythology seem to correspond with traits 
which mark the Eskimo, Two points of view may be taken on the 
matter. One, that Ehcre were Eskimo south of the St, I^awrence, 
and that during an early migration of Algonkian toward the east 
they were ab^rbed by the latter. The other would attribute the few 
Eskimoan cultural peculiarities to a period before the bifurcation of 
the Algonkian in their eastward drift, when the parental group was 
in contact with earlier Eskimo in some era of residence nearer to the 
Hudson Hay region. In any case I feel that the Eskimo corre¬ 
spondences in material cnlture, which we notice both north and south 
of the St, Lawrence, and which do not overlap in these regionSp are 
an indication that the earlier hoine of the possible common ancestor 
of the ifontagnais-Naskapi and Wabanaki divisions was in a region 
where Eskimo contact happened. This is a reason to keep the 
opinion of a northern, an earlier center of dispersion, 

A review of the Eskimo and I..abrador Indian correspondences 
shows a fairly large number of features. In material culture we 
have sled dog^riving in the northern sector, tlie skin canoe, conical 
tent, upper garments which are characterised by the pointed hood and 
sleeves, and the puckered " mocassin. The latter is also sometimes 
attached to an upper portion fonning a boot. We have the peculiar 
method of female hairdressingp the hair bound in a bunch over each 
ear, tatooing of females by vertical lines on the chin and cheeks, and 
incidentally a toilet article in the bade scratcher. Fur bags are ex¬ 
ceedingly common in both cultures, some taking the form of the 
roll-up "" compartment pouch, other being the bags made of the leg 
skins of deer or caribou sewed lengthwise side by side. We liave 

certain correspondences in games, notably the cup and ball game, 
SO 
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and physical contests* In weapons and utensiJs vve have thf: toggfe- 
harpdon (without, however, the separate foreshaft), the pronged fish 
spears, slings^ and nets; in knives the so-called semi lunar scraper 
olu). both in stone and iron, the crooked-bladed knife, the leg^bone 
scraper^ the use of thongs of hidc^ the bone needle and needle case, 
and the stone, flat-based tobacco pipes. The arrow with a flattened 
nock and two fathers, and the primary, or first and second finger, 
arrow release may be added. Even the skin tent may possibly pos¬ 
sess an architectural history^ which Is worth noting in this regard. 
Among the Wabanaki, for instance, the bark covered, conical tent 
is flat on the front side or door section. This feature is distinctive, 
particularly for the Wabanaki area, and is also notici^ble in lent con¬ 
struction occasionally north of the St. Lawrence. The peculiar wav 
in which the Eskimo erect the skin tent, with the opening at the front 
at a tripod which supports the ridge pole, suggests by a little use of 
the imagination that among the tribes where the front of the tent is 
fiat across, the construction may have developed from a similar prin¬ 
ciple. 

To resume our list of correspondences, we find, both among the 
Eskimo and the northeastern Indians, the family to be the social unit. 
Some moral laxity is noticeable. Government is simple or abseni. 
and we have, besides, the well-noted records o! cannibalism, and the 
abandonment of orphans and the aged. I f it is dented that the Indians 
have followed the^c latter practices, references to them ate numerous 
enough in inylholc3gy% A few similar taboos of diet and the treat¬ 
ment of remains of game; the sharing of the first game killed may 
also be noted, together with the belief in the reincarnation of the 
souls of animals. Certain shanianistk features stand forth, such as 
shaman exploits, the use of the drum, which instrument itself is some- 
w^hat similar in form among both groups, shamanistJe individualism 
and the non-difFerentiation of priests and shaman in the community. 
In nnthoJogy, while the correspondences are not profound, we have an 
underlying analogy in the frequency of human tales, the redundancy 
of the cannibal, the abandoned-boy, the abandoned-aged motiv^es, 
and, north of the St, Lawrence especially, tales connected with the 
overlords of different l)T>e5 of game animals; for instance, the king 
0 the caribou and the king of the fish. Again, ihe practice of carr>'- 
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rng on contests and ordeals to estahlish the championship of strangers, 
so commonly alluded to in W'abariaki mythology, is remindful of 
Hskimo procedure; the stranger s ordeal of the wrestling match, foot 
racing, high jumping, the heat test, and the freezing test. 

String figures among the ^tontagna^s-^'askapt are numerous, and 
many correspond to those of the Eskimo, comparing the findings of 
Jentiess and Mrs. Haliowell. -\mong these Indians they are executed 
to influence the game animals and serve as magico-rellgions agents 
for success. 

Somethiog may also he noted concerning shamanism. By con¬ 
trast with the western Eskimo idea of pluralitj' of the spirit-familiars 
of the shamans, Turner and Hawkes both note that the Labrador 
shamans do not aspire to more than one guardian spirit. The col¬ 
lection of tales from the east coast of Labrador contains some nar¬ 
ratives expressing the belief in the single spirit hdper. One of these, 
especially. (The Place Where the Caribou Live) corresponds in its 
principles with the Montagnais-Naskapi tale of the master of the 
caribou. A similar version is given by Turner for the Ungava Es¬ 
kimo so we may infer that there is some basis of accuracy in the 
provenience of the single guardian spirit belief in Labrador both 
among Eskimo and Indians. 

A characteristic form of decoration on flat surfaces of bone 
among the Montagnais-Naskapi is that of incised dots which through 
Use become filled and blackened with grease and dirt. They receive 
the designation of “ bird tracks ’’ among the Naskapi where we find 
this form of ornamentation to be more predominant. The dotted 
ornamentation has been shown by Boas to be also characteristic of 
the central Eskimo, and it has appeared since the time of his writing 
(iQoy) on specimens from Etah, North Greenland, and again to the 
westvt'ard of Hudson Bay. Boas has in one instance suggested an 
Indian origin for them. Now, in a recent paper having been able 
to report the same ornaments among the northern and eastern Labra¬ 
dor Indians, we can revive the idea with new force. T am inclined 
to regard these as a common old property of the sub-arctic peoples. 
And, it might be added, the incised aigttag and triangle decoration, 
which finds a setting far and wide among the Algonkian-speaking 
tribes from Newfoundland to Hudson Bay. is another art motif of 
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conipatabk antiquity for them. Birkel-Smith* from his observations 
as a member of the Thule Arctic Expedition has recetiti)' reported 
among the Eskimo of the MactenEie region eastward, decorative de¬ 
ments corresponding to those of the Indians, another evidence of 
culture approach of the two peoples. 

The simple dot design* which might appear to be connected with 
the dot and circle ornament of Eskimo art, is to my mind a ques¬ 
tion to be considered by itself. The dot alone is very widespread. 
It appears in regions of Xorth America, where its connection with 
northern ctilture* and, more narrowly considered, with Algonkbiip 
is not too ob^nous unless w'e trace its diffusion from a base very re¬ 
mote in antiquity. By doing this, it would seem, we might even ex¬ 
tend it hack to something as old as an Aurignacean milieu from its 
occurrence there in specimens of ivory' carvHng, The circle-dot de- 
sign* however, is much more restricted in its occurrence, and, being 
essentially conhned to the Eskimo, would appear as a development 
associated in origin with the intensive use of the drill and " compass 
or dividers, in working on bone and ivory^ which is not prominent 
beyond the horizon of Eskimo technology. The simple dot ornament, 
on the other hand, could arise from a technical process in which the 
simple awl or point-perforator \s the common instrument. In such 
a case it is a motive with a very wide as w'ell as a deep distribution in 
the north ivhere the extensive employment of skin, bark and wood 
materiah all of which involve constant use of the aw!, is an outstand¬ 
ing characteristic of industrial life. This setting eminently accords 
with what wc strike among the northern, and, at the same time, typical 
Algonkian populations. 

This list is far from being complete in respect to details. And 
again there are some idea? included in it appearing in .Athapascan 
culture and which undoubtedly will call for revision from the point 
of view of meaning. Kevertheless the scope of the correspondences, 
even in its present rough fonii+ appears significant. 

The earliest fundamental association with an outside ailture and 
linguistic group by the earlier Algonkian peoples seems then to have 
been with those of an Eskimoan type. As yet we may feel, however, 
that the tendency to regard a few suggested linguistic affinities of the 
two groups as peunting to relationship, is insufficiently grounded. 
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We should not forget that looderii Kskiino culture contains dis¬ 
tinct properties contrasting with those of the adjacent Indians, who 
nowhere show possession of the composite how, the spear-Ehrower^ 
the foreshafted barpcton^ the stonc’lamp, and the snow-hoiise, and 
competent winter ratnientp while the Eskimo get along without .snow- 
shoes* bark-canoe^ and overlook the utility of the dead-fall in killing 
animaISp a device which is universal among the Indians. It is in hav¬ 
ing invented these very devices that Eskimo ciitture has taken its 
distinctive form enabiing its producers to dwell on the Arctic 
coasts—a developed culture wntli no analogy anyw-here in fact. 

The Algonkian of the far northeast compared wdth other Algoiv 
kian groups portray an early phase of culture of their owm slock at 
large much as do the Atliapascan inltabiting the far northeast of their 
range towards iludson Bay* W'issler has emphasised the need of tti- 
fonuation from the northeastern Athapascan in recognition of the 
likelihood of their possessing the unmodified culture proj^rties of their 
group. For the Athapascan have undergone modifications on their 
northwestern, soulhw'estem and southern boundaries by Eskimo* 
Northwest Coastp and Plains culture contact respectively* Mo rice 
recognizes the same. The marginal modifications seem analogous 
to the situation among the Algonkian who have been modified un¬ 
doubtedly on the southwest and southern boundaries by contact with 
the peoples of the upper Mississippi valley and the middle Atlanttc 
region, and probably in the far north by Eskimo attrition. By elimi¬ 
nation, then, of some of the evidently more recent ac^:|uirements, the 
underlying Algonkian and Athapascan culture phases seem brought 
mure closely into affinity, whate%'er this may mean in view of their 
radically different speech tjpes. 

While we have so little from the Athapascan to base a comparison 
upon, there are, however, some properties differentiating them from 
the equally northern Algonkian, The Athapascan are recorded as 
eating meat raw^ upon occasion. We have no records, either dotu- 
nientarj' or living, of this practice in the northeast. The technique 
of porcupine^iuill embroidery' and weaving is a general Athapascan 
property* and the design motives are geometricalp not curved. The 
techniques of weaving bahiche hags and willow-rod baskets are also 
common there. In the northeast this is not done. In mythology the 
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earth-diver motive, and in social organ!lation the mother-in-law taboo 
and pubertj' rites for girls are present in Athapiascan tribes. All of 
these features are absent among the northeastern Algonkian. There 
are undoubtedly other features of comparison which deseiv'e enumera¬ 
tion by one better acquainted with Athapascan ethnology. For in¬ 
stance, It has recently been shown by Speir that in respect to kinship 
terms the Montagnais of Ubrador belong in the same category' as the 
people of the Mackenzie basin—aJI cousins being addressed as 
siblings. 

Some northeastern cciresponddnces with the Athapascan are. 
howetcr, worthy of serious consideration as possible derivations from 
the northwest. The type of shelter, even in some of its peculiar de¬ 
tails, the moccasin and lower portion of legging attached, the abund¬ 
ance of birch-bark vessels and receptacles, and their etched decora¬ 
tions. the patteniing of the sleeveri fur coats, and a fairly large num¬ 
ber of minor utensils, offer corrcsi>ondences. Some few of these 
ethnic traits extend not only over the northeastern and Athapascan 
areas, but into .-^sia as well. Especially significant is the wide dis- 
tributioTi of scapiiiimancy*; that is, divination by scorching the shoul¬ 
der-blade of an animal until, by the burnt spots and cracks appearing, 
a d«ired answer to a question, or an indication is given of the direc¬ 
tion in which game may be found. The burnt shoulder-blade divina¬ 
tion IS complex enough in origin not to have arisen independently 
among unrelated groups of people, and therefore, I believe, may lie 
pointed out as one of a number of probable trans-Pacific practices 
which came eastward with very early migrant peoples. It is con¬ 
nected with the practices recorded in antiijuity from China, and manv 

adjacent regions, through Siberia as well as in the west in ancient 
Greece. 

The significance of the northeast as a fundamental, archaic, in¬ 
terior culture of the north appears, moreover, with some additional 
emphasis in view of the fact that it lies somewhat below and apart 
from the type of culture which characterizes the .Atliapascan of 

4 ^ preweed for this reason to regard the 

^pascan as proljahly representing a culture phase, likewise interior 
in ns a justments, which has intruded ujwn a margin iu the north and 
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retained some peculiarittcs which point to a relatively more recent 
Asiatic influence^ or perhaps migration, 

Some Genehal A.^j^^cts, 

Reverting again to the con?tideration of some wide culture gen- 
eralitlesH we observe the northeast to be a region of high individ¬ 
ualism. There seem to be ’^'irtually no group conventions. This 
^mple culture condition permits no military organization^ no system 
of government^ no social fraternities nor septs, in short nothing more 
along such lines than what is so characteristic of the central Eskimo, 
and so far as we know, of the nnmodiBed Athapascan, 

Here the individnalism of the forest nomadic Algonkian of the 
older school asserts itself as strongly as it does in its leaning toward 
anarchyp toward a personal religion revealed through dreams, and 
conducted by more or less individual and personal rights of sacrifice, 
propitiation and conformance to s^lf-imposed hunting regulation 
taboos and controls. The Algonkian of the entire northeast seems 
to have preserved his individualism on a grand scale* even in circum¬ 
stances where his original simple order of life has become invaded 
by superior ideas and institutions. Contact with the more advanced 
tribes on the western borders seems, indeed, to have stimulated a 
facultv^ of interpretation and imagination in the Algonkian mind, 
but not to has-e fundamentally caused wholesale changes. The san^e 
is surprisingly true even in respect to recent European contact. 

As 1 have remarked before, the isolated position, tt^ether with 
the culture simplicity in jiarticular, o-f the groups north of the St, 
I^wrence, puts them in a light of extreme significance. Owing to 
geographic conditions they have remained intact from outside Influ¬ 
ence to a degree, it wotild seem, that can hardly be paralleled else¬ 
where on the continent, unless it be the Plateau area in the Rockies. 
There is but one source of contaa borrowing open for consideration 
and that is with the Eskimo of Labrador and those of Hudson Bay, 
The Eskimo being fairly well known, an ev^uation Is here possible 
for someone who will gi%'e the matter detailed attention- It would 
seem that the culture properties of the Labradorean peoples may be 
extremely archaic and fairly representative of an Algonkian period 
w'hich may he the most typical that can be associatetl with the picture 
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of the early culture form of this widely filing and much varied 
linguistic stock. 

In considering the validity of the argriment, we might make ref¬ 
erence to a law in zoology which seems ap{>licable to the distrihution 
of man. The principle is observed that species which do not show a 
great divergence from the supposed parental types ha« either re¬ 
sisted disruption, or that they have not been subject to changing in¬ 
fluence. or that they are near the center of distribution where their 
type has been developed, remaining about the same in characteristics 
within their unchanging habitat. 

To test this condition in northeastern America we shall have to 
secure evidences of the time duration of the inhabited period in the 
Labrador peninsula, through arcbeolpgtcal exploration along the 
coast and in the interior. This has only been stipcrflcially begun on 
the coast, so at present no evidence is at hand as a basis for even a 
guess at the result. 

Simplicity and individualism both characterize the institution of 
shamanism among the tribes north and south of the St. Lawrence. 
Thus these extreme eastern regions, which are equally remote from 
contact with the Central Algonkian, whose shamanism amounts to 
an institution, we find to be note worthy for the same lack of oi^anira- 
tion. There are two w'ays in which the contrast between the north¬ 
eastern and die central phases of culture may be looked at. One is 
to trace the northeastern conditions backward, assuming a process of 
degeneration, in later lime from a former more elaborate stage, ram- 
parable perivaps to that wduch flourished among the tribes of the cen¬ 
tral group, Skinner expressed himself in favor of this view. Let 
us briefly review this possibility. There is something to support such 
an assumption in the facts of histoiy' and geographical association, 
for we know, through local tradition, and statements made by the 
Jesuits, that the Montagnais-Naskapi may luve been immigrants 
from the west to the northeast. And we have reason to credit a 
similar Wafaanaki claim that their predecessors came from further 
w*est. Thus there appears to have been a two-fold, possibly a bifur¬ 
cated drift, at one time down the St, Lawrence basin from tlic central 
regions, one stream penetrating the country' to the north of its shore, 
the otlier covering the region to \U south. So the culture gradations 
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among' the Algonkian from the Atlantic coast on the east to the 
Great Lakes region may be explained, if one choose to do so, by as¬ 
suming a process of dcculUiration progressing with the ad%^nce of 
migration from the central region eastvvani tovrard the north Atlantic 
coast. There is, however, another attitude toward the sitnation, one 
that I touched upon in an introductory paragraph, accepting ihe evi¬ 
dence of simplicity in culture as natural of a more elementary' type 
remaining near the environment where it assumed its normal form. 
In this case we would interpret the conditions by inferring that the 
^^terfi tribes have retained a form of simple, primitive culture w'hich 
the central tribes have outgrown. The likelihood of the eastern 
migratioii of the Algonkian does not pose as a strong objection in 
this case because such a migration at an early time could have served 
to remove part of the primary Algonkian group from the range of 
outside culture influence, leaving this division as the conserv'ator of 
the original simple culture by reason of its self-isolation, Dixon 
has already treated this possibility in a paper on .Algonkian migration. 
In this ease we would expect to meet the oiltiire gradations spoken of 
in going from east to west. Besides this, there would be a certain 
local, non-uniform individuality in customs due to the irregular 
nature of group development while progressing from a simple, nas¬ 
cent stage through the various periods of growth congenial to their 
circumstances. We seem to find these variations in many minor 
respects from tribe to tribe in the group, so much so in some ethno¬ 
logical topics that the differences would be ratural to trities which 
are widely separated instead of among neighbors a.s is the case in 
some respects among the Penobscot, Maledte and Miemac, For 
the Algonkian have been extensive imitators tf not innovators. ITie 
local variations seem considerably less in the Montagnais-Naskapi 
group north of the St. Lawrence, the more marked uniformity- 
here being plausibly an evidence of more recent dispersion from the 
earlier center. There ts ample historical ground for this idea because 
within historic times the Moutagnais have expelled the Eskimo from 
the St. Lawrence coast and have themselves been pressed upon bv 
the Iroquois, The Wabanaki group on the other hand has been resi¬ 
dent where we find it located for some time prior to the opening of the 
historic period, since we have no records at all of extensive tribal 


302 


SPECK^ULTL'RE PROBLEMS 


TnoveoT«iits, Hence these bodies must have had a longer period of 
settled residence in which to develop local mmor difFerences- On 
the whole the second possibility appeals more strongly to my mind 
than the first as a possible explanation of conditions in the Algonkian 
northeast. In this case simplicity of social, religinus and ceremonial 
organization, limited nomadism, hunting and fishing; no agrtctilluret 
and a crude technology, are together the ear-marks of a relatively 
unaffected older Algonkian type of atiture. In the neighboring Es¬ 
kimo region a somewhat similar situation prevails, as is shown 
Boas in one of his comparative studies. The central Eskimo are 
more primitive, more isolated and simpler in culture than those of 
Alaska, whose advancement in social ceremonial and industrial com¬ 
plexity is presumably due to contact with the organized culture of the 
northwest coast tribes. The assumption, moreover, that progTe$sive 
growth from the simple to the complex is more natural and normal 
than retrogression, making proper allowances, to be sure, for histori¬ 
cal fluctuations in culture, logically rcf|nires less proof than the 
opposite. 

Some general tendencic:^ of development concerning the family 
band are made possible by the material so far accumulatedp incom¬ 
plete as it is. In the first place we note considerable s-ariation in the 
size of the hunting tracts of different tribes. Their magnitude, it 
appears, bears some relation to the density of population. This is 
illustrated by a comparison of the Montagnais-N'a^kapi groups of the 
Labrador peninsula, whose districts are proportionately larger, whose 
families are fewer in number, the more we proceed toward the north¬ 
ern interior. W'e may still construct upon the data somewhat further. 
The more northerly people* of the Labrador area, have fewer eco¬ 
nomic resources. Agriculture is denied them, the game animals are 
fewer. The Virginia deer does not range into the Labrador penin¬ 
sula, nor does the moose extend eastward beyond the Saguenay so 
far as existing conditions go. The raccoon is also wanting. Hence 
the caribou, who are wandering in habit, and the hates, who suffer 
diminution at times, afford imcertain supplies to the natives, viewing 
their life in periods of decades, while, during the winter, bears are 
imubtainable and beaver and muskrat are taken only through extreme 
effort. These creatures are their staples of life. Serious economic 
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handicaps are suffered! Such circumstances must be thoroughly 
^'allied by the ethnologist. Adherence to one of the recognized prin¬ 
ciples of method would lead ns to infer that the tribal groups com¬ 
prising fewer persons, forming groups who are hunting within more 
extensive bounds, would stand forth as representing pioneers, so to 
speak, on the expanding frontier of a migration. By a comparison 
of these circumstances among different neighboring groups procecd- 
uig m one direction or another, the direction of the population drift 
would seem to be away from the more habitable regions where the 
human population is denser, where economic facilities are better, and 
where the family or privately owned land hunting-areas would hence¬ 
forth be smaller in extent. The application of such a hypothesis fits 
the circumstances of the European colonization of America quite 
generally, and it only remains for some equally reliable historical facts 
tO' be adduced in the case of the supposed Algonkian migration to 
render it as creditable as the other. Thanks to the Jesuits w'e have 
some few historical landmarks of an eastward Indian drift toward 
the northeast. 

I have already briefly worked out this test from several other 
parts of the northeast and reported the method and inference in 
papers concerning the migration eastward of the Miemac of the mari¬ 
time provinces and the Ifontagnais-Maskapi of the Labrador penin¬ 
sula, Now, having determined the probable social-economic char¬ 
acteristics of migrational termini, we may be in a position to appiv 
the criteria to other regions in tracing tribal movements on the 
continait. 

OlTUNES ASD CbSJECTVBES, 

Practically all the fundamental culture traits, those which ttim 
Out to be common to all or to most of the .-Vlgonkiau-speaking groups, 
seem to he of a northern adaptation. Among them may he mentioned 
the sibless type of society, weak chieftaincy power, driim-shamanistn, 
tailored clothing, floral ornamentation, the conical and the dome¬ 
shaped skin and bark lodge, the ioose-heacled plain harpoon, the com¬ 
posite canoe, limited hunting nomadism within the family territories, 
the fondness for residence near water, and then the many negative 
ceremonial and social characteristics. Even where their present en- 
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vironment is not of a northern type, there are indications, as among 
the eastern central Aigonklan for instance, of sur>nvmg northern 
culture features ostensibly persisting despite changes brought about 
by migration or by the acquisition of ideas intrcniuced through dif¬ 
fusion. From this one might infer a northern habitat for the pal^- 
Algonkian peoples* or, by a contrast, a more northern and colder 
climate to have surrounded the early groups when they evolved their 
fundamental culture j a climate that has changed into a warmer era 
since its occupation. We have seen indications of this cukiire change 
accompanied by faunal variation within a period embracing not much 
more than a century in Maine among the Penobscot, and here the 
influences beneath it are both environmental and contactual (from the 
Iroquois). Yet no matter what the factors may be shown to be, our 
Algonkian ailttire retrospects in most areas seem to be more and 
more northern as the stages are unrolled backward. 

In short, ure seem to Ije comingp by a process of elinvination* to a 
certain inference, that in the uoriheastcm Algonkian groups, both 
north and immediately south of the St, La^iTcnce, we have two phases 
of a culture type characteristic of a very old N'orth American period 
—one which is fundamentally as northern in complexion as the E$- 
kimOp but which contrasts in being adapted to an inienor winter and 
a coa^til Sumner habitat. Yet it should not be overlooked that the 
Algonkian farther south on the Atlantic seacoast show a decided 
preference for the proximity of water and hold to a low altihidinal 
habitat, as Wissler has previously pointed out. where fishing may be 
carried on. This does not necessarily disturb the assumption of an 
earlier more northern habitat for the great fauiily, because it exhibits 
a continuation of the normal summer life of the northern peoples into 
a warmer zone where the coasts are not rendered untenable to man 
though the ferocity of wunter storms and the piling up of ice and 
the emigration of the fish. I think this point of view wull become 
clear upon contemplation, 

A significam feature, which seems to deserve attention in a dis¬ 
cussion of this character, is that in the tar north the dual culture 
type is marked—a coast-wise one represented by the Eskimo and 
the littoral groups of northeastern Asia, and an interior one repre¬ 
sented by the Athapascan and Algonkian peoples of America and 
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again by same trib^5 of the Siberian east coast. Everywhere, in sur¬ 
veying Indian culture in the far north, we encounter the adaptation 
to interior winter conditions, the dependence upon large game ani¬ 
mals, the hunting on snowshoes, the game-driv*e, trapping for fur 
clothing, hshtng with a spear, and possibly with nets^ portable shelter 
beneath skin or bark, the necessity for complete body-clothings the 
dependence upon wood fires for heat and cooking* the necessity^ for 
adequate means of transportation in sununer and winter—the bark 
canoe (the skin^anoe in places)^ toboggan, snowshoe, and dog-trans¬ 
portation, The mobihtics of a non-agriatlttiral population! The 
simple family groups the absence of political cohesion, the funda- 
mentalitj' of the family hunting-districtH the weakness of the power 
of chiefs, and the unfeasibility of large and prolonged religious fes¬ 
tivities, together with the corresponding development of individ¬ 
ualism, all seem to mark the peoples of northern Asia and America 
apart from other groups south of them with a clearness vrhich entitles 
them justly to rank, I feel certain, as one of the tjT^ical world-mar¬ 
ginal culture types emphasized recently by anthropologists^ 

The dual culture form has been signally emphasized by both Hatt 
and Birket-Smith for the northern peoples of the Old as well as the 
New World. It seems to weld another link in the chain of unity 
embracing the circumpolar peoples. The latter author applies this pat¬ 
tern to the .Algonkian, calling the two phases the ice-hiinting and the 
snowshoe stages. ITatt denotes his phases as the coast civiliza¬ 
tion and the inland civilization, I have previously mentioned the 
curious fact that the Indians of Labrador themselves—poor ignorant 
savages—have conceived the same interior and coast distinctions in 
their thought upon their own life; an old thought to them but a new 
one to us I Happily we all agree in its essentials! 

The all-important question of the earliest assignable homes of the 
Algonkian nucleus is one which might nattirally he thought of at this 
time. Bui much is yet to be done in identifying and analyzing the 
influences which have affected the supposed marginal areas of the 
family before wc can hope to arrive at any estimate of the original 
base content. It wdll probably develop that the region below Hudson 
Bay will becorne the type locality. If not this, then the lower St. 
Lawrence region. Sapir, and also Ijowie base already thought 
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of a home for the stock considerably west of its present geographical 
center, through aJIowance of the MF'estem location of the Arapaho and 
Biackfoot, An opinion favoring a region west of Hudson Bay as 
a center of early Algonkian distribution has been published by Birket- 
Smith. T find through the attention of Dr* Hallowell, in iQiS. His 
excellent thdoretical paper on this puzzling question was based upon a 
study of older documents only. Without, however, having deduced a 
satisfactory method of evaluating the present distribution of dialect 
and physical type and above all not having solved the riddle of arche¬ 
ology' in the east, nor even explored the surface conditions in wide 
areas of the northern habitat of the stock, I would hardly venture to 
express a fixed opinion* There is much to make the St. T-awrence 
watershed worthy of serious consideration as a region of very early 
occupation in view of the awaited archieologital disclosures, the 
simplicity and uniformity of tlie ethnic types there, and the con¬ 
formity of the region with tlie environmental requirements of post¬ 
glacial culture. If the western location of the Arapaho and Black- 
foot would draw the older center westward what can be thought of 
the archaic stone age properties of the eastern coast Beothuk, the 
Red Paint and the north Atlantic shell-heap cultures? If we as¬ 
sume a migration into the eastern area, as there is some reason to do, 
it must be pushed back to a i.'ery early period, one which would pro¬ 
vide a subarctic, interior setting for the early cultural home of the 
family—<pne possibly adjacent to the Palao-Eskimo wherever it hap¬ 
pens to be fixed. A period antedating the acquisition in the north 
of any southern culture traits would seem to be demanded. Hence 
if there is ever any stronger reason than that which e-xists at present 
for assigning any Korth *American culture type to an early neolithic 
or a transitional archeological fepipalEeolithjc} classification I am 
prepared to see it accomplished for thla area. 

The anthropological properties of the northeast have to be under¬ 
stood as consisting of three elements, race, language and culture. 
Inasmuch as there is relatively so little material available covering 
the physical characteristics of the whole region, we can do hardly 
more as yet than point out the resemblance in head form between the 
Labrador .'Mgonkian and the *^thapascati. and the differentiation here 
from the longer head-form south of the St. Lawrence. The centra! 
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divisions of the Algonkian-.speaking population^ meso-cephalic like 
those of the Huds^in Bay and Labrador area, show that this cranial 
type is the more widespread, hence probably of more recent origin 
whether we approach the question of skull-form as a criterion^ after 
the manner of Dixon or whether we consider mutability of form as 
possible within the group, following Boas. A change in head-form 
in the region is e%^idcnt by comparison of the older with more recent 
material, the older population being longer-headed than the present 
inliabitants who speak Algonkian. It is in the Wabanaki territories 
that we encounter, both among the older and among the existing 
groups together, the longer head. The Wabanaki group is marginal 
to the slock and isolated in position. So, whatever we may say 
respecting the other points of language and culture, the Wabanaki 
division is entitled to serious consideration as a physical representa¬ 
tive of some old era in the historical development of the stock. We 
need not as yet attempt to solve the ensuing problem, as to whether 
the broader-headed race acquired an Algonkian culture and language 
by the process of invasion or by that of internal physical change. 
There is little to show that the term Algonkian can be applied to 
race wdth any fixed value, for in the matter of head-form alone the 
\'ariations are enough to show that the Algonkian averages extend 
over into other culture groups and linguistic stocks. Yet one might 
imagine for the present that the terminal and marginal long-headed 
Wabanaki, apparently the only Algonkian group showing thl 3 head 
form, have preserved more than the others an old combined racial and 
cultural type. So it would require, I believe, a certain lack of 
imagination to rely solely upon the thought that the advent of a single 
Algonkian tribe, .speaking one tongue and of homogeneous culture, 
took place in eastern North America, as Skinner thought* Such a 
vision seems almost as crude as the older view-^ of the so-called Aiy^an 
race and language group. I can see no urgent reason as yet for ad¬ 
hering to a dogma of unity of original speech, race and culture for 
populations so wddely spread and diverse. An Algonkian culture 
can be found in Labrador, another one in the Wabanaki area, another 
one in the Great I-akes region, each having certain claims to consid¬ 
eration as an arcitaic one. The same is true of physique and when 
we come to include the evidence of language we do not find that the 
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most archaic type of speech adheres to any one of these classified 

t3'pes- 

It is not easy to think through dearly to a conclusion in the face 
of so many serious gaps in oiir existing knowledge of physical and lin¬ 
guistic variations within the Algonkian group. Final treatment of the 
whole question, therefore, will have to be deferred despite the eager¬ 
ness of some ethnologists to predict conclusions. Let it become dear 
that we oinnot logically speak any more of the Algonkian as an inte¬ 
gral unit, referring to langnage. race and culture. We are indeed get¬ 
ting farther away from the unity concept the more our knowledge ex¬ 
pands, Within the Algonkian language group we know there are 
several physical tj^pes, and some v-ariant culture t^pes along its mar¬ 
gins. We have to hesitate in our efforts to draw^ conclusions in the 
presetice. for mstance, of the apf^rent fact tliat .Mgonkian languages 
have invaded the plains without effecltiig culture modifications toward 
an Algonkian pattern, and similarly again in the southeast. Likewise^ 
by contrast, other linguistic units have invaded Algonkian linguistic 
boundaries without changing their speech, and yet have come to 
harmonize their culture qualities with those of the region, for exam¬ 
ple the Siouau Winnebago ^ as shown hy ^lorgan, Radin, Wissler^ 
Lowie, Speir, and Skinner^ and. may we not add. in physical and 
economic aspects, certain of the Iroquois (Mohawk )r As radical as 
the assumption may seem just now, it is even possible to attribute 
certain Algonkian-lroquoian similarities in head-form, stature, m 
bone work, even ceramics, in dress and decorative art motives, in 
the use of bark, even in some aspects of social life, to the absorption 
of an older stratum of northeastern culture, call it Algonkian if need 
be. on the part of invading Troquoiau-speaking populations. We Lave 
evidence, as I have again undertaken to show in a recent paper, of an 
acculteration of Algonkian principles in social organisation anvong 
the Oka Iroquois, who invaded the Algonkian of the Ottawa valley 
in very recent times. In such an assumption we esn at least con¬ 
ceive grounds for admitting the evidence produced, for instance, by 
Skinner of a centrifugal migration of the older Algonkian into the 
Great Ukes region of Wisconsin in fairly recent times, under the im- 
pact of IroquQtan im'asioii, and, I wonild add, for another siinilar 
eastward shift, into southern New England, of a partly “ Iroquo- 
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iauiiedAlgonkian-sptaking group. It would not be denied, I be¬ 
lieve. that there hus taken place in Iroquoian history, a modification 
along certain economic lines toward a northern type of life—in this 
case an Algonkian one, since there is no other to fit. 

Now, as we pause to consider where, then, the nearest approach to 
unin in the three tiasic requirementsold physique (i.c., cranial 
form), nomadic, cold-fauna, hunting culture and Algonkian language 
may be found, the way points itself out to the region south of the 
St, Lawrence from northern Xew England east to the Atlantic 
and Newfoundland, In this area we have a general modem as well 
as early dolichocephalic population, according to the compilations of 
Boas, and Dixon. W'e have, moreover, the indications of an unelab¬ 
orate interior hunting culture brought to light through the investiga¬ 
tions of Willoughby and Moorehead. We also have in the Newfound¬ 
land area another archaic culture level in the Beothuk type. In re- 
s|5ect to the ethnology of the modern peoples, the VVahanakf, of this 
area, we haveanoldnorthemcultureform. Linguisticallythe \S^alan- 
aki tribes form a unit in the broader sense, which has primitive charac¬ 
teristics, somewhat specialized in phonetics and morphology, but ac¬ 
cording to MichxJsort, not so pure in form, as in the regions occupied 
by the central Algonkian-speaking group. In short, if we lift off 
the top layer of Jroquoian culture influence (in agriculture, political 
organization, chieftaincy, social cerenionic.s, and certain influences 
m mythology) dating only twek to the seventeenth century, frotn the 
W abanaki area we get a stratum in which the requirements approach 
unity to a degree which would permit us to use the term palseo-.-M- 
gonkian in referring to it. I have adopted this term in consideration 
of a similar usage for industrial levels in the Old World in general 
and through the sanction of usage by Steensby in reference to the 
Eskimo problem. North of the St. Lawrence a generally similar 
culture level is found with a somewhat more .Arctic complexion, and 
specialized linguistic developments appear, which are not shared by 
the also specialized types south of the St, Lawrence. In these respects 
the Montagnais-Naskapi of the Labrador region may, I think, he 
included within the palieo-Algonkian horizon, but we are obliged 
to recognize the intrusion of another cranial form into this zone. 

the meso- and nieso-brachycephalic type. To what extent these 
Si 
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phenumena appear, either clinging togettier ur separated, as we pro¬ 
ceed westift'ard below and beyond the Hudson Bay region, it is Im¬ 
possible to say. And until investigation has covered these points it 
will be impossible to locate the termini any more definitely. We 
shall then know to what CJ^tent the archaic culture level may have beeti 
spread from the AtJautic to the Great Lakes ind beyond, and into 
the semiarctic zone, and to determine where and to what degree its 
margins w^cre indented by culture invasions on the south and on the 
northwest, and finally to form some idea of the culture character 
resulting from the absorption of the old level by penetrating streams 
from the more southern portions of the continent, illustrated^ for 
instance* by my suggested explanation of the Iroquoian situation. 

And finally we may undertake to construct a picture, duly realiz¬ 
ing that of course at present nothing can be said difinitely that may 
not be modified and corrected. First* a not greatly diflerentiated 
northern, hunting population* long-headed by contrast with the later 
inhabitants,^—ancestors of the Elskinio and Algonkian one could say- 
existed in the interior west of Hudson Bay in the steppes and thinly 
forested regions. An early pressure of invasion from Asia tends 
to push these groups eastward, one branch of them advancing to the 
Arctic coast and developing to form in time the Eskimo type, race 
and culture, the other adhering to the interior environment and mov¬ 
ing eastward in the familiar setting working south of the SL Law¬ 
rence to become founders of an old culture there. These latter 
carried the lower cephalic index to the region of northern New Eng¬ 
land and the Maritime Provinces. Dixun has in several instances 
prmdously expressed his opinion of a scheme of migration bringing 
Algonkians in several waves to the east. The preference for the 
south St. Lawrence route might be answered for by the unfavorable 
hunting prospects of the Labrador ri^ion at the time of the migration, 
due to the recency of its clearance from glacial conditions. A greater 
antiquity for the human occupation of the Atlantic coast of Maine 
than for the gulf coast of Labrador is shown by the much greater 
depth of the layers of shell-deposits in Maine. And besides the 
archaic, soniialled Red Paint,, culture of the interior of Maine has to 
be considered in chronology. The botanical affinities of Newfound- 
latid with the coastal fringe of the northern part of the continent 
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south to Kew England are impressing- American observers more and 
more. Such a view affects our problem by strengthening the idea 
of early human occupation over the same south St. Lawrentian area 
as a more favorable early distributional zone, while the route of 
life-diff^usion on tlie Labrador side was blocked by unfavorable 
after-conditions of the pleistocene. Next, the broader-headed Indian 
population all the way across the .subarctic zone may be tentati%'ely 
explained as an arrii.'al in the whole expanse of country from the 
westward, filling, we may imagine, the either unpopulated or sparsely 
populated Labrador regions, 'fhis entered, we are still indulging in 
guesses, carrying a subarctic phase of life eastward, one somew'hat 
parallel to that which entered much earlier and became domiciled 
south of the St Lawrence as the longer-headed type. A word of cau¬ 
tion must be said before we can speak too definitely of head-form 
among the Eskimo and Indians as showing distinct contrasts. The 
northern Indian at least appears to have been of a broader-headed 
tj-pe, by contrast with that south of the St. Lawrence, according to the 
published records of Boas, Dixon and Wisslcr and the recent meas¬ 
urements of Hallowell, and the same is true in reference to its con¬ 
trast with the eastern Eskimo. Recent Eskimo lists published by 
jenness, however, both on cranial material and on the living, show the 
living populations to have a higher index, thus lessening the contrast 
and creating a feeling that with a fuller series of measurements from 
both groups another attitude could be taken on the matter of Indian 
and Eskimo classification. At the present awaiting challenge, it 
stands, as stated by Dixon, that there has been a brachycephalization 
of the north, the brachycephaJs relentlessly supplanting the doli- 
chocephals who were driven to the marginal area. 


PROGRESS [\ THE STUDY OF RACE MIXTURES WITH 
SPECIAL REFERENCE TO WORK CARRIED 
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April S 4 , 

The study of race mixtures is perhaps the most important field 
of research in Physical Anthropology to-day. The term "race"as 
applied to man has recently been defined by the writer as follows: ‘ 

A raw is a great divistwi of manlctnd. the members of which, though ind^^’^du- 
ally varying, are difliacterined as a group by a certain combination of morph^ 
logical and meirica: featurta, prirtdpally non-adaptivr, which have been denved 

from thfib: common descent. ^ 

A primaj>' race mic wtiicK has been modified ontK by r he ope^tion of 
ticmaiy factor, tncIncOng the seleciion o^ own intrinfiit variations and of tht 
ada|irive or ntm^aptlve, possibly by snvYPftnmEntal 

Btimuli. . . . ^ . 

A secondary or compOMlc mce is one in which a charactcriBtic and etaoi]i 

cembination o( morf^okjrgical and metrical featun^ ha* biM effected by a kmg- 
pntinued intermixture oC two or more primary raiw within an area of rriatme 
igolatKin. 

Obviously the present popuiation of the world consigts^ for the 
most parti o( semndary or derived races. Man is a migratory and 
promiscuous animal, and a primaO' as defined above, is well- 
nigh an anihropological abstraction- The existing races of man^ 
however^ may be grouped according to their enutuai physical affini¬ 
ties in the fqlloT^-ing four classes; (o) WTiitcs (often regrettably 
called ^'Caucasians*') I (fr) N^oids^ (c) Mongoloids, (d) Intermetli- 
ates. Each of these classes includes at least three races. The 
White group comprises the Alpine, Armenoid, Mediterranean and 
Nordic races, and possibly others. The Mongoloid class consists of 
the Mongoloids proper, the Indo-Malayans, the American Indians. 
The Negroids include the African Negroes, the Melanesian-Papuans. 
and the Negritoes^ The residual Intermediate class is made up of 

I Hoolon, E. A, .Methods ef Racial AnaJyai*, Janiiary 22, 1926, 

Imiu, 76. 
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three more or [es^^ allied race&—the Ainos^ the Dravidians and Lhe 
Australian:?, and of the Bushmen-Hottentots and Polynesians who 
are somewhat removed from the preceding subgroup and from each 
other. The principal characteristic of the Intermediate class is that 
its constituent races are In no case predominantly White, Negroid, 
or Mongoloid, but each exhibits distinct resemblances to two or 
more of the preceding classes m asaociation with features, tn some 

RACES 


cases, peculiar lo itselL Most of the races m this group are probably 
the stabilised result of radical hybridizations, but the Australians 
and the Aino may represent the surv^iving elements of ancient and 
in some respects generalized races. Fig. i is an attempt to show the 
approximate relationships of modem races classified on the basis of 
combinations of hair-form, cranial index, nasal index, pigmeniation 
and stature. This diagram was drawn up for classhroom use and 
docs not represent a scientific contribution. I'he plotting of char- 
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acter5 b based upon inodal or mean s aiues which m some cases rest 
upon inference rather than upon observation. The fig tire is intro¬ 
duced here to illustrate the manner tn which one racial complex of 
physical criteria shades into another, and particularly to show the 
positions of those racial t^roups which have been railed ‘‘ Inter- 
mediates/' 

Tt is apparent from the study of Kig. i or from the examination 
of any scheme of elassi heat ion of modern races that racial mixtures 
are of two categories: (a) radical mixtures betw'een races physically 
fat removed from earJi other^ and (h) mixtures betw^een allied race?. 
Mixtures w'ithin the White races or within the Negroid races, for 
example, involve matings of types physically more similar than in 
the case of crossings bettveen Negroid and White races. Because of 
the absence of obvious dissimilarities in the phyntcal traits of the in¬ 
termingling stocks, race mixtures between allicxi races have occurred 
from prehistoric times dowm to the present day without inciting, 
for the most partt either social preiudtee or anthropological in¬ 
vestigation. The offspring of such matings do not form physical 
types sufficiently distinct to set them apart as a class. Such off¬ 
spring tend to be absorbed into one or other of the parental stocks. 
The inheritance of physical characteristics in such crosses is never¬ 
theless of great interest and it is probable that hybrid vigor may 
manifest itself physaically, mentally and culturally in the more 
favored offspring of such mating?. Unfortunately, however^ the 
habit of miscegenation between allied races is of such long staiuling 
that it has resulted in obscuring the original physical combinations 
in the parent races by the establishment of countless mixed types 
representing various d^ees of admixture of the parent stocks and 
manifesting a series of almost imperceptible gradations betw^een one 
racial combination and another. The ultimate effect has been an 
obliteration of the distinguishing characteristics of allied races which 
makes it almost imF>ossible to ascertain W'hat the original combina¬ 
tions w^tre. U is even more difficult to find considerable groups of 
people who are uninLxed with allied races and conform to our defini¬ 
tion of primaiTi' racial types. It is doubtful whether many such 
representatives of primary races exist at the present time. It 
therefore seems that it is no longer possible to study the effect of the . 
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iDitfrmixriires of closely alHcd races with any hope of clear-cut 
scientific results. 

On the other hand radical race mixtures involve the interbreed¬ 
ing of parental stocks with strikingly dissimilar physical features. 
The offspring often constitute types obviously different from either 
of the parental races, although sharing in some of the features of 
each. Such crosses attract attention and arouse social prejudice, 
They even raise the question as to the biological efficiency of the 
resulting hybrid types, which are sometimes said to be 'Mishar- 
mon ic/' Radically different races as a rule have prod uced d issi milar 
cul t ures and d iverse social tradit ions. Many i nfer from the associa¬ 
tion of physical and cultural differences between races the existence 
of equally dix'erse racial mental qualities, although these have never 
been demonstrated in any scientific way. At any rate, the hybrid 
resulting from the intermixture of radically different racial stocks is 
likely to be regarded a-s a physical and social anomaly-^ sort of 
anthropological bastard, except in the event of these crossings 
having taken place in an area of isolation and between such great 
numbers as eventually to establish a secondary or composite race. 

Radical race mixtures have long been "viewed with alarm** by 
statesmen, sociologists and anthropologists. Many of those who 
have been disturbed at the social consequences of such crossings 
have consoled themseh^ with a pious hope that human hybrids 
W'Ould prove to be like mules, “omeiy but sterile." That tills hope 
is illusor>’ has been amply demonstrated wherever radical crossings 
occur in sufficient numbers to receive even the inadequate attention 
of the census-taker. It is now becoming apparent to the public at 
large that the investigation of the consequences of radical race 
mixtures has more than a purely academic interest. It is obvious 
that data of scientific worth should be secured to enable us to answer 
the following questions; 

1, How do radical hybrids compare with their respective parent 
stocks in fertility and vitality? What is the rate of increase in each 
case? 

2, How do radical hybrids comparewith their respective parent 
stocks in regard to mental characteristics? 

3, What is the status of such hybrids with respect to .social 
efficiency and economic and political stability? 
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4- Do such hybrids when produced in (arpe numbers tend to 
form a buffer class or to be assimilated by one or other of the parent 
stocks, and in either case what are the sociological and biological 
consequences? 

$. How are physical and mental characters inherited in such 
hybridizations? 

These questions cannot be answered satisfactorily on the basis 
of any existing data. T o awaken interest and to secure support for 
the necessary investigations has been a slow and difficult process. 
Some few still small scientihq voices have been crying in the aca¬ 
demic wilderness for many years; and latterly not a few Journalists 
havebeenbellowinginthcmarket-plaees. Theformerhaveeffected 
the accomplishment of a number of small but valuable researches 
upon the results of race mbeture. and the latter have made possible 
the public support which is essential for further and more conclusive 
investigations. 

The principal object of this paper is to rejjort progress upon a 
number of investigations of race-mL'ctures which have i>een carried 
on by or through the inffuence of the Division of Anthropology^ of 
Harvard University, Most of these researches have grown out of 
interest awakened in students or colleagues as a result of a course in 
race-mixture which was first offered by the writer in Harvard 
Lniversity in 1916. The data of most of these investigations have 
not been collected by the writer personally, w'ho confesses himself 
to be one of that drab female t>'pe of anthropologist which remains 
at home and reproduces the species while the more brilliant male 
roves abroad in quest both of adventure and of food to be brought 
back for home consumption. 

Investigations Completed. 

Sluiiy ifj UonvHiifis, Piife and Hixtfl, In the course of two 
visits to the Hawaiian Islands during the jTSars 1916 and 1920, my 
colle^uei Professor A. M. Toitzeri collected anthropometric and 
sociological data on 508 subjects, including pure-blood Hawaiian* 
and various admixtures of the Hawaiians with Chinese, Japanese 
and a variety of Kuropean racial stocks. The anthropometric data 
ave been analyzed by Dr. L. C. Dunn, who has already published 
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a preljmmar>- report (m a portion of the material - ancl will shortly 
publish his results in full, ft is a matter of common knotvIedfEe 
that the native Polynesians in these islands are mixing with alien 
stwks so rapidly that ^ulhblooded Hawaiians will soon rease to 
exist- The complexity of the racial crosses is already quite be¬ 
wildering, Dt- Tozaer wa-s able to secure mea-^uremeiUs on a large 
number of F, hybrids and upon a considerable number of back- 
croeses, but upon a few Fj offspring only, and these, for the most 
part, immature individuals. Dr. Dunn has emphasized in his study 
the respectable scries of full'MtKxled Hawaiian^ and the considerable 
number of Kawaiian-C'hmese mixtures. The pure Hawaiians are 
tall, h^axy people with prevailingly wav-y hair and pronounced 
brachycephaly. The Sou them Chinese with whom f he>' have mixed 
are considerably shorter, with straight hair and a tendency toward 
rtolichocephaly. The resulting hybrids are intermediate tii stature 
and there is a clear dominance of brachycephaly and straight hair. 
In the first generation hybrids resulting from crosses with Europeans, 
the darker pigmentation of the Polynesian stock appears to be 
dominajit and there is no hybrid vigor displayed in stature. The 
corpulence of the pure Hawaiians disappears and the more finely-cut 
European features tend to assert themselves. The few Fj indi- 
x iduaIs studied seem to indicate some tendencies toward segregation 
of characters, but there is not sullicient evidence available to settle 
this question. The present writer does not wish to forestall the 
important results of the investigation of Doctors Tozzer and Dunn. 
The« results include some e.xtremely interesting information upon 
ilie inheritance of bodily characters and upon the fertility and vi¬ 
tality and social status of the hybrids. 

A much more extensive study of race mixture in Hawaiians was 
undertaken by the late Dr. Louis R. Sullivan of the -American 
Museum of Natural Histoiy in collaboration with the Bishop 
Museum of Honolulu. This study includes observations upon 
several thousand individuals. Dr. Sullivan's premature death 
prevented the completion of his analysisof thedata, but, fortunately, 

* L. C- Dunn, “Saine Results of Race Mixture in Hawaii," Eugenlw in Ra« 
and State. Vot. IJ. Second International Congress of Eugenics, Baltimore, imi 
PP. 109-124. ^ 
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this work IS now being carried out ro its conclusion by Dr. Clark 
Wissler. 

The publication of these two studies of race mixture in Hawaii 
will make available to science a mass of material on miscegenation 
between Polynesians and White and Mongoloid racial stocks. 
Both of these investigations indicate a high fertility in the mixed 
marriages studied. 

Pitaiirn Islanders and NorMk Islanders .—In the crew of 

the British warship Bounty mutinied, and soon aftenvards a colony 
rras established on Pitcairn Island in the South Pacific by the 
mutineers and by a number of Polynesians whom they had brought 
with them to the island. I'he romantic stor>^ of the mutiny and of 
the bloody events which transpired after the foundation of the 
colony is well known. From the intermixture of aboui six EnKlish 
sailors and approximately the same numlier of Tahitian women 
there arose a hybrid progeny wrhich has inbred for about five genera¬ 
tions. The larger number of these people now- reside on Norfolk 
Island w^hither the colony w^as removed after Pitcairn became too 
small for its maintenance. There are about 400 persons in the 
colony on Norfolk Island and about 175 members of the group w^hich 
returned from Norfolk to Pitcairn. These Polynesian-European 
hybrids constitute an almost ideal sample for the .=itudy of race 
mixture, since their European antecedents are fairly w^eU known 
and they liave been so isolated that little back-crossing has occurred. 
They represent the intensively inbred progeny of primar>' crossings. 

In 1923 Harry L. Shapiro, one of the most able of the graduate 
students of Anthropology then at Harvard, set out to study this 
racially mixed group. This research w^as aided by a fellowship 
granted to Mr. Shapiro by the Bishop Museum of Honolulu^ and the 
results of the investigation are now^ in process of publication by that 
institution. Mr. Shapiro's ship was prevented from calling at 
Pitcairn by bad weather, but he proceeded to Norfolk Island and 
remained there for about four months. During this time he secured 
anthropometric data on about 150 adult descendants of the muti¬ 
neers, in addition to full genealogical information and some ex¬ 
tremely Important historical and sociological material. During his 
stay on Norfolk Island Mr. Shapiro gained the confidence and aftec- 
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tlon of these sensitive and reserv^ed people to such an extent that 
upon his leaving they presented to him as a parting gift a Tahitian 
poi-poundet, the propertv- originally of one of the Polynesian ances¬ 
tresses of the group and said to be the only native artifact which has 
been preserved from the wreck of the Bnpnty. 

The analysis of the data collected by Mr. Shapiro provides no 
support for the statements that have been made with respect to the 
alleged physical and mental deterioration of these inbred hybrids. 
On the contrary' the>- manifest hybrid ^ngor in certain characters. 
They exceed both of the parent stocks in statu re- and their head 
diameters are among the largest means recorded for living peoples. 
Contrary' to what seems to be the case in Hawaiian-European and 
Hawaiian-Chinese hybridsn the Xorfolk Islanders show a tendency 
toward dolichocephaly. The features of these people are pre¬ 
dominantly European, although a characteristically hybrid nose 
was often ohserv^ed. The hair h usually very dark and the skin 
color is [ntennediate between that of brunet Europeans and that of 
the brown Polynesians. There is much individual variability and, 
curiously enoughp more curtv" hair is found among these Norfolk 
Islanders than among either British or Tahitians. 

Anthropologists may expect from the publication of Dr. Shapiro's 
Studies of the Norfolk Islanders material not inferior in interest and 
importance to Profes^r Etigen Fischer's classic work on the 
Hottentot-Boer hybrids. 

Studies afSkfilial MdierkL^Fot the past len years the research 
efforts of the writer have been directed principally toward the 
solution of the problem of distinguishing racially pure and mixed 
types in the analysis of skeletal material of archseological origin. 
The absence of genealc^cal data and the paucity of historical data 
render this task vert- difficuh. Two principal investigations have 
been undertaken. The first, an analysis of the racial elements 
among the extinct peoples of the Canary Islands, was leased upon a 
study of some 450 crania- The results of this investigation have 
already been published.* They are of interest from a methodolo¬ 
gical standpoint and parttcnlarly from ihe light shed upon the 

* E. A- Hootdn, "The Anewnt [nhabicants cf the Canary I^Unde," Harvard 
African Cambridge, Mass., 1535. VoL Vll. 
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affinities of the ssO-callecL *'Cn>Maj(nc>n race/* which supposed to 
ha%'e been represented in the Canarian archipelago. 

The second Investigation involves the study of the skeletal 
remains from more than 1^800 burials excavated at the ruined Indian 
pueblo of Pecos, New Mexico, by the Andover Pecos Expedition, 
Mo^st of these skeletons are dated according to stratigraphic se¬ 
quence. The problem in this case is to study the changes in the 
population which have taken place in the course of the two thousand 
or more years of the pueblo's occufiation anti to distinguish the 
various subtv'pes which are represented m this sample of the Amer¬ 
ican race. It is perhaps an effort to single out the component types 
of a composite race, rather than a study of race-mixture^ This 
work has l>een carried out with the assistance of a number of grad¬ 
uate students and is almost finished. The results will be published 
by Phillips Andover Academy. 

[nS^ESTIOATIOS'S now IK pROt^RESS. 

Study of Mulatto FamilUs .—Our knowledge of ihe results of 
crosses betw'een Negroes and \\'hite=s in the United States is deplor¬ 
ably smalL Up lo the present time no adequate atuhropological 
study of the American Negro has been published. Dr. Melville K, 
Herskovits of Columbia University has recently carried out extens¬ 
ive anthropometric researches upon Negroes and mulaltoes of Har¬ 
lem, New York Citj% and upon the students of Howard Universiiy, 
Washington, D. C- Dr* Herskovits has already published some 
preliminar>' results of great value and his completed contribution 
to the know'tedge of this subject is eagerl^^ awaited by anthropolo¬ 
gists conv^ersant with the methods he is employing. 

In 1917 Caroline Bond [now Mrs. Day), a student at Radclifie 
College, began to collect for the present wTiter anthropometric, 
genealogical and photographic data pertaining to mulatto families. 
Mrs. Day' is unusually qualified for this task since she herself ha^i 
Negro and Indian blood and comes of a family which has long been 
associated with the higher education of the Negro, Cons^uently, 
she has a very' extenaive acquaintance among the educated and 
welbtOHlo colored people of the United States. The present writer 
considers the genealogical data already collected by Mrs, Day quite 
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unwiucandinvaluable, Theyincludeinsome instances photojrraphs 
or copies of portraits of members belonging to five generations of a 
family, together with infomiation as to the proportion of Negro, 
^Tiite, and Endiati blood in each individua]. Hair samples of living 
individuals and anthropometric measurements are also included, 
Unfortunatelj', after Mrs. Day left Radclifle College the work had to 
be stopped, owing to lack of funds. At the begiruiing of the present 
^ihe Bureau of International Research of Harvard University 
and Raddiffe College, established by the Laura Spellman Rocke¬ 
feller Memorial Fund, undertook to finance studies of the anthropo^ 
logical and sociological effects of race mixture under the direction of 
the writer and of his colleague, Professor A, M. Tozzer. This 
assistance has made it possible for Mrs. Day to devote full time to 
the gathering of data during the present year. The work is proceed¬ 
ing apace, but the analysis of material wifi not begin for a year or 
more. 

It has long been the opinion of the writer that reliable data on 
N^o-White crosses in this country can best be secured by the 
utilization of competent colored investigators. He has obtained 
from Mi'S. Bond and from other colored students much new informa¬ 
tion concerning the inheritance of physical characters in such mix¬ 
tures. all of which, liow-evcr, requires confirmation from mass studies 
before it can be presented as final. 

Sludies of Finns, Lap^s, and of Crosses behifen Ftwflj, Lapps and 
Stvedesr-At the beginning of last summer Martin Luther, a graduate 
student in Anthropology at Han'ard, began an investigation of the 
colony of Finns living at Lanesvllle and Rockport, Massachusetts, 
Mr. Luther w'as particularly interested in the occurrence and causa¬ 
tion of a certain flattening of the posterior portions of the parietals, 
which is found in these peoples and also in Armenoids and in some 
other stocks. This we suspect to be an effect of race mixture. In 
addition to regular anthropometric data, Mr. Luther has secured an 
elaborate series of cranial contours, facial casts, blood samples and 
tests of manual dexterity from a series of t6o adults and more than 
Sochildrenand adolescen ts of these localities. Nor has he neglected 
^ological data which bear upon the problem of assimilating these 
immigrants. It seemed advantageous during the present summer 
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for Mr, Luther to extend his m^teriah and for this purp4:>se he was 
sent to Finland and Lappland under the auspices of the Bureau of 
Intematfonat Rematch. In Finland Mr^ Luther is receisHng the 
heartiest cooperation on the part of anthropologists and government 
ofRcials, and at present writing has secured anthropometric data 
and sociological information on 130 adult Finns and 104 adult Lapps. 
Before his return in rhe fall he will have gathered much more ample 
materlaL It is planned to continue the collection of obseni'ations 
pertaining to the,se peoples untU the end of the present year and to 
begin the analysis of data ai that time. 

Study of Berbersf Arabs^ and .Ifixed Types of Atoroc^o. — Little is 
known of the anthropometric characters of the Berbers and Arabs 
of Morofico. Apparently no anthropologist has studied the physical 
features even of the sedentary^ town dwellers within the compara- 
tively quiet zone of the Sultan's influence. I’he physical anthro¬ 
pology of the independent tribes is practically unknowm. The Rif 
Berbers, W'ho have put up such a magnifleent struggle for indep^end- 
ence against overwhelming odds, are known to include a very large 
blond clement w^hich Is said to be indistinguishable in most respects 
from the racial ty'pe commonly called '‘Nordic^^^ Blonds haw 
existed in Northw'est Africa from prehistoric times. It Is in the 
area vrhere this type occurs most frequently that the most democratic 
tribal and village organization is found. Here also the love of 
individual and group independence is associated with personal 
pugnacity and collective belligerency. Race mixtures here include 
crosses l>etw eea most of the WTiite races ajid also various Negroid 
types. The possible relation of such mixtures of peoples to the 
political turbulence w hich commonly prevails in this area is worthy of 
investigation. 

Carieton S. Coon, a graduate student in Anthropology in Har¬ 
vard Lniv'ersityp has been sent to Morocco under the auspices of the 
Bureau of International Research to spend a year in inv'estigating 
the anthropometric and sociological characters of the pure and 
mixed racial types, Mr. Coon is well qualified for this work, having 
made two previous trips to Morocco for archeological and anthro- 
polpgical purposes, and possessing a know'iedge of Arabic, In the 
course of these earlier expedttion.s he was able to make some ^'aJuable 
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archs»)logica) reconnEiissanccs and lo establish relations with natives 
and with French officials which should facilitate his present work. 
Mr. Coon has been in Morocco Jesa than two months at present 
writing, and has already succeeded in obtaining complete measure¬ 
ments and photographs of about \ 14 Rif Berbers. 1 ’hcse data were 
gathered in Tangier, [.atesi information is to the effect that Mr. 
Coon has been obliged to relinquish his plans for work in the Spanish 
20neof Morocco, owing to the niarkcd discourtest'and even violence 
shown him by the Spanish authorities in that area. 

It IS hoped that this year of field work in Morocco will result in 
the collection of representative series and tabulated sociological data 
pertaining to each of great Berber groups in Morocco; namely, the 
Rifi, the Shluh, the Breber, and the Arabs. 

An independent but related research in .Algeria and Tunisia is 
being carried on by Homer Kidder, a former student of Anthropo- 
loRy at Harv’ard and one of the founders of the .American Folk-Lore 
Society. Mr, Kidder has obtained measurements on more than 
300 Tunisian Jew's and is now extending his studies to the Kabyles 
of .Algeria. 

IxVESTJCATlONS LX PhOSPECT. 

3 iudyof Mixed tind Pure Types iti Mexico and Central America ,— 
The plans for the study of race mixture under the auspit?es of the 
Bureau of international Research include an investigation of mixed 
and pure racial types in Mexico and Central .America. In this area 
the crosses betw'een tndians. Whites, and Negroes are of great in¬ 
terest in their relation to the cultural status of the various elements 
in the population and the notorious political unrest which prevails 
there. It is proposed to send Dr. George D. Williams, a graduate 
student of Physical .Anthropology' in Harv'ard University, to collect 
data pertaining to these peoples. Dr, W'ittiams expects to begin 
work next February and to remain in the field for the better part of 
a year. He will pay particular attention to the pathol<^ of races 
and mixed types in this area. 

Study of Peoples in Egypt and (he Sudan. —.Another graduate 
student of .Anthropology, Walter B, Cline, has just been sent to 
k-gypt for a year of field w'ork under the auspices of the Harvard 
African Studies and of the Peabody Museum. Mr. Cline’s primary 
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object IS to study the palaeolithic deposits of the Nile V'alley and of 
the adjacent desert areas, but he also hopes to gather anthropcn 
metric and ethnological data pertaining to some of the tribes of the 
Eastern and Libyan deserts, \rith particular reference to crossings 
with Arab strains, 

CO!^CLUD!SO Rh MARKS. 

This paper has been devoted principally to accounts of the studies 
of races and race mixtures carried on by students or meitiliers of the 
Division of Anthropology of Harvard L-niversityv, But it also in¬ 
cludes mention of a number of related investigations which are being 
carried on by other anthropologists. It does not aim to be exhaus¬ 
tive in this respect. 

There are two very encouraging aspects of ihe situation in re¬ 
gard to racial studies. The first is the interest in such projects 
exhibited by great research foundations. From these foundations 
has come the financial support hitherto unobiamable^ Until this 
year studies of race mixture at Harvard fT^tversity have been 
carried on almost entirely at ihe expense of the investigators them¬ 
selves, with the help of an occasional travelling fellowship. Now^ 
with the aid of the Bureau of International Research, it has become 
possible to undertake more ambitious projects which should \ield 
better results. But even this generous asalfttance has l^een in¬ 
sufficient for the paying of salaries to field workers. Those at 
present engaged in the gathefing of data are recei\'ing maintenance 
and travelling expenses only. This fact introduces the seo^nd 
encouraging aspect of the situation, which is the availability of 
trained and competent young investigators. 

A few^ years ago there was an almost complete lack of able 
students who were willing and equipped to undertake the arduous 
and ill-paid work of the physical anthropok)gist. Now a fair 
number of very promising young men and women are intent upon 
entering this profession. Our present needs are: continued and 
larger support for research upon racial problems, an increase in the 
number of permanent posts avaitahle lor physical anthropolc^sts 
in research insiiiutions, and more chairs for the teaching both of 
Physical Anthropology and of other branches of Anthropology' in our 
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unHersities. If these needs are ^tisfied the present writer b willing 
to predict that we can produce in this country a bcxly of physical 
anthropologists, archaeologists and ethnologists who in a decade will 
make greater progress in the solution of problems pertaining to the 
natural history' and cultural history of man than their few hampered 
predecessors have been able to accomplish in the last half-centurj^ 
Harvard Umvehsitv. 
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EQUIANGULAR SPIRAL POLYGONS AS PRESENTING 
THEMSELVES IN ELECTRICAL ENGINEERING, 

By a. E. KEX nelly. 

April i^.) 

Definition, 

The ordinary polygon may be defined, for present purposeSp 
as a geometrical plane figure whose successive sides make equal 
angles with each other and have equal lengthsp or lengths in a 
constant ratio of unity* The equiangular spiral polygon, here to 
be considered, may then be defined as a geometrical plane figure 
whose successive sides make equal angles with each other, and have 
lengths in a constant ratio, in general different from unity, 



Fio. 1. Ei^uimgular spiral polj-goii, iiritti origin at O, and pcie at P, 


Thus in Fig. i, starting from the origin of coordinates O, the 
successive ^des OA^ AB, BC^ etc., are straight lines in the plane 
XOY* They make with each other equal angles OAB, ABC, BCD, 
etc .“in this case I20®—and the ratio of the lengths of successive 
pairs of sides 

0 ^ AB BC 
AB~ BC~ CD ~ 
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where a is a numerical cofistaat, ordinarily greater than unity— 
in this case 1493. The extension of this geometrical sequence 
terminates, after an infinite number of stepSp in the final position 
or pole P of the equiangular spiral polygon. 

There exist an infinite number of posdbfe equiangular spiral 
polygons, both in regard to variations of contained constant angle, 
and to variations of constant ratio a* 

It may be taken for granted that the essential geometrical 
properties of equiangular spiral polygons are known to mathe¬ 
maticians. Thus, the ratios of polar distances to the successive 
vertices of such a polygon, is also constant and equal to a. For 
in Fig, I 

PO PA FB . , , 

M = - - numeric (2) 

Consequently, the successive plane triangles, OAP, ABP^ BCP^ 
C£fP, etc,, are all similar, and the ratio of such succi^ive areas is 



(r 

Fio, Spiral po1>'gon of vector ratio uitli ori^n at j 4 , and reference axis 
AX, with geometrical nneihod for deiermlning the fx^altion of the pole P, 


iP* Moreoverp the envelope of all the \'erticcs of an equiangular 
spiral polygon is an equiangular spiral, as in Fig. 2, where the 
vertices ABCDE of the polygon are enveloped by the contacting 
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^tcmal equiangular spiral. A similar internal equiangular spiral 
may also be drawn contactiiig with the sides AB, BC^ CDj etc. 
These equiangular spirals possess the well known property, indicated 
in their namep that the angle between the polar radius vector at 
any point, such as FC in Fig, 2 , makes a constant angle FCT or 
PCT' with the tangent T*CT at that point. Again, the angles at 
the pole subtended by the successive sides of the polygon, such as 
the angles OPA , APB, BFC, etc.. (Fig. i). are equal, in this case 

Application to Electhical Engineebing. 

It is probable that such fundamental properties of equiangular 
spiral polygons have already been noted and reported by mathe¬ 
maticians; so that it is here proposed only to consider such polygons 
from the applted-science standpoint, and in particular to discuss 
thdr application to the theor>- of uniform alternating-current 
conducting lines, in the transient state of building up to a final 
steady voltage or current, after suddenly applying a sinusoidal 
electromotive force at the generating end. 



Fig. 3. Uniform line AB, energised at A through Ewitch S, from an alteraating 
currcfit Bource of ncgiigiblc impedanre. 

The subject of such tegular initial ahernating-current wave 
transients has already been discussed to some slight extent.^ It is 
known that if the alternating e.mi. is assumed to be impressed at 
the generating end of the line AB, Fig. 3, at a jsero moment; 
at a moment when the instantaneous value of the sinusoidal e.m.f. 
is passing through zero, so as to applied without electric "'splash," 

* Blbllogmphy 1 , 3,, and 5, 
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a auccessiQi) of waves of ahernatin^ current and e.m.f. advance 
atong the line at a speed commensurate with that of “light" in 
the dielectric used to insulate the line, that they are rejected from 
the receiving apparatus at 5 , and again from the generator appa¬ 
ratus at A, so that these waves, repeatedly reflected to and fro, 
merge towards the ultimate final state into the final steady value 
of voltage and current proper to each and every point along the 
line. It is also known that such successive steps of upbuilding 
towards the final state correspond to the successive sides of an 
equiangular-spiral polygon. It Is here proposed to discuss, in 
somew'hat greater detail than is believed to have yet been reported, 
the nature and properties of the polygons that pertain to partic¬ 
ular cases. 


Arrival op Successive Voltage Waves at a 
Point P on a Line. 

in the transient state following the closure of the switch 5 , 
at A, Fig, 3, on some zero moment of e.m.f., the first voltage wave 
arriving at P, comes from A directed towards B. The second 
arrives from S, after reflection there, and is directed back to A. 
The third is a new reflection from A , directed towards B, and so on. 
Thus all the odd numbers of the series arrive at P from A : while 
all the even numbers arrit'e from B. The hyperbolic angular 
length of the line ,42 is taken as 6 hyps and the angular distance 
of P from A, as fK hyps £. If wj, is the vector transmission co¬ 
efficient of voltage waves passed through the load a when arriving 
at B, 

__ Sir 

^ sTT^ ’ numeric z (3) 


where v is the vector impedance of the load, and £» is the surge 
impedance of the line at the impressed * frequency aj2* eyes. 


_ / r + jlia 
+ Jetfl ■ 


ohms z (4) 


The odd series of waves (ist, 3 d, 5 th, etc.) reaching P, jf E is 

*nic term “cj-cs" is here used u an abbreviation nf the phrase “cycles pqr 
scTODd/" connoting a frequeftcy. 





330 KEN NELLV-EQLl I ANGULAR SPIRAL POLYGONS, 


the rriis. or effective value of the voltage applied at ^4, will be: 

E{t - E{i - volts z (5) 

while the even seKes will be: 

E{m, - - Eim. - £(™, - 

volts / (6) 

The summation^ term by term, of both series alternately, builds 
up to the final steady voltage at P. 

It will be observed that in each of the scries (s) and (6). the 
ratio of any one term to its predecessor is constant and equal to 
(i — m,)*”** = *”**'*, a plane vector or complex number. This 
means that each series may be represented by a spiral polygon, 
and the polygons are similar, having the same vector ratio. 

The vector sum of two similar spiral polygons, taken step by 
step, alternately from each, is itself another similar spiral polygon. 
The final voltage ultimately built up at P in the steady state is 
the vector voltage, drawn to the pole of the summation polygon. 
We may describe the spiral polygon representing the series of 
voltage waves arriving at P from A, as the -voltage polygon, 
and that representing the series from B, as the S-voltage polygon, 
while the combination or summation polygon of alternate waves 
from each end, may be termed the j45-\'oltage polygon, 

Akrival of Successive Current Waves at a 
Point P on a Line. 

During the initial transient state, the successive current waves 
arri^'ing at F, from A towards B are: 

let'*'. him^- ■■', amperes ^ (7) 

where /# is the initial outgoing current at ^4, or E/s# amperes /, 
and m, is the vector transmission coefficient of current waves 
arriving at S, and delivered through the load e. The value of 
»it is: 

2E(» , 

We —-;— . Rumenc Z (8) 

The Djeffitients and in any given ca:^, arc bo related that 

rtt, -b == 2, <q) 
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Or 


— I — I — m,. 


(lo) 


Similarly, the suece^ive current waves arriving at F from 
are: 



amperes z (ii) 


III each of the series (j) and (ii)* the ratio of any one term to 
its predecessor is (wf^ — This is the same ratio as 

in scries (5) and (6). Consequently seri^ (7) and (11) are both 
spiral polygons, and they are similar. Moreover, they are similar 
to the voltage spiral polygons. 

The actual process of building up of current waves at F is by 
alternate terms from the A and B seri^. This gives rise to an AB 
current polygon. 

Time Interval Betweev^ Successive Waves Arrjvlvg at P. 

If the angle subtended by a uniform conducting line L km. long, 
in ihe steady state, at a given impressed frequency / eyes. Is: 


^ = VZF = i{R+jxm +iS) = e, +j6, = + J„,), 

hyps z (1^) 


where Z is the total impedance of the conductor in mhos and 
y is the total admittance of its dielectric in mhos z ; then the 
interval of time, T seconds, required for a wave of voltage or 
current at this frequency / eyes to traverse the line in either direc¬ 
tion is: 



seconds (13) 


w = 2 wf, being the impressed angular velocity in circular radians 
per second, and ^ being the imaginary componenc of in circular 
radians. The apparent velocity, or group velocity^ of the waves 
is also knowm to be: 



km,/sec. (14) 
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If the pot fit P is situated midway between the two ends of the 
line, the successive A and 3 waves of voltage or ctirrent will succeed 
each other at uniform and equal intervals of time. If however, 
the point F is placed near to one end^ say near to B, the interval 
of lime betw'een an A w'ave and the 3 wave its next successor, 
will be relatively short; whereas the Interval betw^een a 3 wave 
and the A wave its next succ^sor^ will be relatively long- If+ 
moreover, the point P is moved up to the end the A and B wav'es 
will coincidCi or double up on each other. The A 3 polygon wall 
then be the same as either the A or 3 polygon ■ but to a doubled 
scale of magnitude. 

Ok Locatikg the Pole of SpigAL PolygoNp Having - 
Given Any Pair of Successive Su>es. 

In Fig. 2 , let A3 and EC be a pair of given succeaaive sides of 
a spiral polygon. The length ol A E may be tahen provisionally 
as unity. The vector value of 3C is given as 

e"'" = Z numeric Z ( 15 ) 

w^here * is the base of Napierian logarithms, is the length of 

3C in terms of S as unity, while B is angle of EC with the direction 
of in circular radians. 

The next side CD will then be DE being and so on- 
The vector distance of C from A will evidently be l + 

AD will similarly be i + It follows that the vector 

distance AP^ from the starting point to the pole of the polygon, 
will be: 

] 4 " + - '* = ^ ^ . (16) 

To find this vector distance AP, wre produce CB back to 
so that bE = EC. We thus have Sb = — e“". and Ab = l — 1 “'. 
We then take the plane vector reciprocal of Ab, and this is equal to 
AP in magnitude and phase, or in size and slope. The angles 
FAB and BAb are equal; while the length AF is the reciprocal of 
the length Ab^ or 

Ab AE 
A3~ AF^ 


numeric Z ( 17 ) 
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The points A, B, C, D, ■ ■ ■, etc., forming the vertices of the 
equiaiiKular polygon, lie upon the equiangular or logarithmetic 
spiral ABCDt The constant angle ^ of this spiral, or the angle 
between the polar radius vector and the tangent at any point, is 
the angle PCT. This angle is defined by the relation 

' numeric (tS) 

^ being expressed in circular radians and a in hyperbolic radians. 

In the case represented by Fig, s 

— n = — a+jff=i — 0.3825 + J^= — 0.3825 +JI.O472, (19) 

so that 

tan ^ = 1.0473/0.2825 = 3.7069 

ana 

^ 74 ' 54'. ( 20 ) 

This angle ^ is therefore the negative slope of the vector «. 
Another equiangular spiral of the same slope might also be 
drawn on the internal side of the polygon A BCD. It would 
contact with the successive sides of the same. 

Voltage and Current Polygons for the Case of a 
Freed or Grounded Line. 

It is evident that the vector ratio of suecssive terms in series 
(S) and (6) or (7) and (n), 

(i - Iff.)*"* = (in, - i)r* = (21) 

IS of the same type vectorially as *“» in Fig, 2. It is directly 
M^ected with the position angle Sa of the generating end A, and 
St is eiddent that the values of a and B depend on the transmission 
coefficient m, or iw, of the load, as well as on the angle B of the line. 
Both 6 and the coefficient must be know'n in any given case, before 
the corresponding spiraJ polygons can be assigned. If, however, 
we free the line at B, so that <r = «, we have m, = 2, and jw, ^ o; 
while (i — m.) — (ntt “ l) = — i; on the other hand, if we 
ground the line at B, ir = o, we have m, = o, and wit = 2; so 


KEN,XELLY—EQUIANGULAR SPIRAL POLYGONS, 

that (i — mj) — — 0 — + I. In the former cane, the vector 

ratio of successive waves of either voltage or current becomes 

e"* = — _ ^^=f| ^ gr _ 2&1. numeric Z 

Hence each wave [A or B) of voltage or current bears to Its prede¬ 
cessor the sL^e ratio and the slope or phase difference of 

Tf 2^2 radians. 

Equjasculah Voltage Polygon at b of an Kigmth- 
WAVE-Length Line Freed at 3. 

We may consider the simple and interesting case of a line AB^ 
Fig^ S* freed at 5 , or with ^ = ec, and energized at /I, on a zero 
instanti the line being just one eighth of a wave-length for the 
impressed frequency^ and the successive voltage waves being 
reckoned at the free end. 

'Phe angle of the line may be taken as 

& = 0.5465S + jd>7®S4 = ^1 +P± hyps z 

= 0.54658 + Jir/4 
= 0.5465S + jo.5> 

Here Sj = t ^:4 circular radians, or 1/2 circular quadrant.^ If the 
sinusoidal e.m.f. £, Impressed at A p has a maximum cydk amplitude 
of ± 1414 volts^ or an effective value of i.o volt and rms, (root 
mean square) + assumed as of standard phase- then the first wave 
arriving at B will be l Oe”^ = ^ ^ y Yolt 

This is the first .4 w'ave. It is instantly followed by an equal B 
ivave reflected from the open end. The result is a doubled or 
w^ave of 1414 V 45 ° volts, as shown by the side 0 ^, Fig. 4. The 
ratio of successive weaves being 

— = — ^-4*,»il£+JL3:te:. _ , ^a,a;w _ ^ ^ ^ 

the next AB arrival is 0.707 z 45*^ or A3, Fig. 4, The Internal 
angle of the polygon is 90^, and each side has half the length of its 
predecessor. The pole of the polygon is at R, and the vector OR 
(extended) intersects all of the comers DFB. This vector OR is 
the final steady-state voltage at B. It is also 

E sech @ = t.o Z o* sech (0.34658 + j o.j) == 1.26 V volts. 

^ An unck^rseorKl j iDampcoenl iiirdicates quadmnE itlL-asur^. 


KEMXELLY-EQUI ANGULAR SPiRAL POLYGONS, 335 

This IS the steady rms. or eifective voltage produced at the open 
end S of this line, after i.o rms. volt has been applied at A for a 
sufficient length of time to enable the residue to be neglected. 

Any line whose length is one eighth of a wave, freed at j and 
energized at A without splash, will build up its J end voltage 
according to a right-angle polygon, as iu Fig. 4. Here the A and B 
Waves are e^ual, and coalesce into an AB wave of double magnitude. 



Fig. 4, Spiral polygon of voluge wav«s bulliling up ai the free end Jl of an 

eight h-ii'a\'q linen 


The current waves at the same free end consst of pairs of A 
and B waves precisely equal and opposite in phase; so that the A 
current polygon Is that of Fig. 4 drawn to half scale, counting the 
first outgoing wave at the generator switch as unity, to standard 
phase. The B current polygon is drawn negatively in all parts, 
with respect to the A polygon in such a manner that the resultant 
current at B is always zero. 

Current and Voltage Polygons for an Eightm-wave 
Line Grounded at the Distant End B, 

With the line grounded at 5 , w'e have seen that the coeffidents 
(i — m,) and (m* - 1) are both + i, and the vector ratio of 
successive voltage or current waves is 

s; ^ JPj numeric z (23) 
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for both the A and 3 polygons. Thus^ if we consider the building 
up of current at the grounded end and take the initial outgoing 
current at A * namely 

£ 

= — rms, amperes Z (24) 

as unity at standard phase; then the first arrival of current at B 
is This instantly doubles, by reflection from S, making the 
first combination AB wave 24 ^ amperes Z- For the case already 
considered of a line one eighth of a wave long, and 

e = 044658 

we have, in Fig. 5, the first doubled or AB wave at the grounded 
end represented by 

OA “ 2*-*^ V Go = 2 X 0./07 V 45” = 1414 45*. 

The n&ti j 4 B wave will have half this size^ and a slope lading 
behind OA^ It is represented in Fig^ 5 by the vector AB. The 
successive AB waves are shown to approach the pole R[ such that 
the final vector OR (produced) intersects all the vertices BDEF^ 
etc. The vector 

OR = cosech & = l/sinh {044658 + J04 ) — 1.265 V 71'^ 6. 

The voltage waves, m this case, mutually cancel at B^ leaving 
zero resultant. 

We may thus conclude that any eighth-wave line, either freed 
or grounded at the far end* develops AB combination weaves of 
volt^e or current at that end, which are either alw^ays zero, or 
contain right angles betw'«en successive sides. 

Voltage Polygons at P for a Sixteenth-wave Line* 
Freeo at the Distant End. 

If the distant end of the line is freed, we have seen that the 
coefficient {1 — m,) = — i; gjid that the vector ratio of each 
wave to its predecessor at any point F along the line is; 

Z — 2^). numeric z (25) 
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Figure 6 represeqt£ the A, B and AB polygons^ for a line having 

^ = 0^^66 + = 0-34^ + ig^j. 

The vector ratio h 


A 135'’ = 0.5 z (35* 

Each side has haJf the length of its predecessor, and makes with it 
an interior angle of 45*. 



5, Spiral pDlvgon oJ vettor ciirrent A nv^E buiMmg tip at the grounded 
end B of HO dghth-^^^ line. 

If the e.m.f. impressed at A is loo ^ o' volts, without splash, 
the first wave of voltage to arrive at P, half way along the line is 

100 X £££? = 84 t V H',25. 

This is the vector 0 . 4 , Fig. 6. The first B wave is 


lOOf 




V 0-375 - 59 5 V 33° 75 volts. 
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TKts [a represented by the vector Oa. We now have, for the A 
sedesp the successive compooents AB^ BCj CDf etc^ each half of 
its predecessor in lengthp and making with the same an internal 
angle of ^p 45or half a quadrant. The resultant vector sum. 
or the vector to the pole of these -4 waves^ is OR, 


Fig. 6. A and B apiral polygons of voltage n-avea, alsa the combined 
for a point J* on a sbcteenth-wave line freed at R- 

Thc successive B w^ves arriving at F are OUt 
Their final resultant is Or^ the vector drawn from O to the pole of 
this equiangular polygon + The resultant voltage at P, in the steady 
state, is the vector sum of OR^ and Or, or 0 £^ = 100+7 T 5 **-® 

We rna>% hcFwever, trace the successive sides of the AB polygon- 
They are OA, - 4 d'p a'B\ 3 h\ h'€\ etc+ This might be repre¬ 
sented as a spiral polygon having the sides etc* 

The vector ratio of this AB polygon Is likewise 0.$ Z 
side being half the length of its predecessor and making therewith 
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an ititeripr angle of circular radians, in this case 45*. The Enal 
or polar resultant voltage OE' is known to be given by the relation 

Ej- sinh cosh (o^iJSS + ^ 

Ea ^nh Sa cosh (0-5466 + j o^s ) V 5 

Corresponding spiral Ay B and AB polygons could be drawn for 
the current waves at P- The A polygon would be the same as 
that 0 A 3 CD in Fig- 6. but the B polygon would start with a different 




I 

o 





R 

FiGh j. vector vtJtage building up at distant Irce end of 1 quarter^wav& lioc^ 

vector Od; because the reflection of the current wave from the 
open end at B would have the opposite phase to the voltage wave 
so reflected. The AB polygon would thus differ greatly from that 
in Fig, 6 * but it wqtiM still hav^e a side ratio of 0.5 and have internal 
angles of 45 ^ 

If the line, instead of being freed* were grounded at B through 
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a known vector impedance, the building up of voltage aiid current 
would still be m conformitj' with some spiral polygon h and the 
vector ratio would be obtainable from (21)- 

Case of Quarter-wave LiNESt Freed or Grounded. 

In the case of any quarter-w^ave line, its angle ^ is 

fl = + j — =61+ j ^ + jL- hyps z (27) 

4 ^ 

If such a line is freed or grouadedt the vector ratio of the spiral 
polygon is The spiral polygon thus assumes the limiting 

case of a straight line. 

Fig. 7 represents the c^se of a line S = 0-6 + 71 . freed at B, 
and having a volt^e of i-O Z applied at A without splash- 
The waves of voltage are reckoned at the free end B, The first A 
wave is 

i.o X V 90* = 0-548^ r 90*' 

This is instantly doubled^ by reflection, into an 4 B wave of Cb 4 
1.0976 V 90*"- The vector voltage ratio is 

Z 0^ — 0-30119 £ o®. 

The successive waves are CL 4 , j 4 - 0 , BCf etc., all in the same 
straight line, 90“ in phase behind the impressed voltage at 
The resultant voltage is 

OR = 1 *5707 V 90* — (0.6 + ji-o ). 

We may say* therefore, that when such a quarter-wave line is 
freed at the far end, the spiral polygon of voltage at that end is a 
straight line, 90^^ behind the standard phase of impressed voltage 
at A. 


Case of Voltage anp Citrhent at a Point P on a 
Quarter-wave Line, which is Either 
Freed or Grounded at B. 

If the point F is intermediate between A and Bj there will be 
an A polygon, a B polygon, and an j 4 ^ polygon of voltage and of 
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current. Each and all of these polygons will be straight linesj 
having, however, different slopes. 



Fig, S. a and B volu^ iial>iffoiis at an btermedtatt ptiint P on a quarter-wave 

line freed at B. 

Figs. 8 and 9 indicate the conditions for the building up of 
voltage on the line above considered, at a point two thirds distant 
f rom j 4 , and onethirddistantfromB, Theangulardistanceofthis 
point from A would thus be 04 + joM 7 , and from B, o.a + jo. 3 S 3 
hyps. The first voltage wave to arrive at P, after applying 1.0 
Z 0“ rmfi, volt at A, without splash, would be 

represented by the plane vector OA, Fig. 8 . The vector ratio of 
the A polygon being 0.30U9 z o* the next voltage wave arriving 
from A will be 0.2OJ9 v 60", or . 45 . The final resulting A voltage 
thus built up is 0.9571 V 60®. 

23 
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Similarly, the first voltage wave reflected from B and arriving 
at P, is 

= €'*■' V 120* = 0.4493 V 120“, 

and is represen ted in Fig. 8 by the planevector Oa, The succeeding 
B waves arc indicated by the prolongations of this line aA, be, etc. 
The finally built up B series of waves is 0.6411 V 120*. The final 



Fig. 9. ilB polygon attaining the aame jre^Lant v'oltagt. 


total voltage at is the vector sum of the A and B waves, or 
OR “ 1.394 V 03^-7 ■ This IS also expressed by the ratio 


cosh (0.3 + jo-333) 
cosh (0.6 + jj.o) 


i-3^r 83^7 


(2S) 


according to the well known theory of such lines in the steady state. 

The successive A and B waves are indicated in Fig. 9, for the 
same case. These successive arrivals at P give rise to the vector 
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Zigzag path OAaBb, etc. The AB wave?; are however fti, ab, 
etc., all in same straight line OR, 

At any point P on this quarter wave line, there is, when the B 
end is freed, one particular straight line for the A waves, another 
for the B waves, and a third for the AB waves. The straight line 
of ^5 waves coincides with the resultant OR of the final sums of 
the A and of the B waves. If the point P is brought to coincide 
with A, the generator end of the line, the vector OR coincides with 
1,0 ^ o", the impressed voltage throughout all time, including 
both transient and subsequent steady states. As P is shifted 
from A towards the size of the straight line polygon OR increases, 
and its slope increases amatively. At the free end B, the size is 
a maximum and the slope is just 90*. 

CuRUENT Waves at Poikt P on QuartER- wAt'E 
Line Freed at B. 

With the point P one third remote from ^ 4 , as in the last e.Nample, 
the current wave polygons are indicated in Figs, to and II, The 
first A polygon becomes the straight line OC, Fig. 10, assuming 
that the initial outgoing current at the generating end is t.o / o”, 
or that it is taken as unity at standard phase. It will be noticed 
that the A cuirenUwave vector OC, terminating ultimately at 
0 - 957 * 6o“, is the same as the A wltage-wave vector OC of 

Fig. 8. The B current-wave vector Oc, in Fig. jo, has the same 
size as Op in Fig. 8; namely 0.6411; but it has the opposite direction. 
The resultant current wave OR in Fig. 10 is thus O.844& y* t8*’.50^i 
whereas the resultant wltage wave OP in Fig, S was i .394 v 
The resultant current wave is also known to comply with the 
relation 

sinh (0.2 + 

cosh (0.6 + iio) = ^ 50'. (29) 

The AB development is similarly presented in Fig. ri. Here 
the vector zigzag path pursued is 0 , A, n, B, b. etc,, culminating 
finally in OR. The summaiioa of vectors by pairs is, however, 
Ofl. ab, etc-, to OiZ. All these are on the same straight line 0.8446 
V iS“5o', ^ 
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Fig. m. Vtrtor current waves buHdln^ up at intermediate point P oF a quarter- 
wave line A polygon, B polygon and reuiltant. 



Fig. f r. \ ector A B polygon ciirEtEut btuLding tip at intermediate point F 

on a quarter-wave Une, 
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We may thus conclude that on any quarter-tvave line, freed at 
the far end, the A, B and AB series of current waves are straight- 
line polygons, at each and every point P. WTien the point P is near 
to A, the A and B straight lines are nearly horizontal and determine 
a nearly horizontal resultant. When P is near to B, the A and B 
straight lines are nearly vertical, and their resultant is nearly zero. 

A line which is more than a quarter wave-length (9t > /), 
the relations between internal and external angles of the polygon 
become inverted, and the external angle becomes afi.. The original 
condition becomes restored at line lengths exceeding one wave¬ 
length. 

Growth Factor of Waves. 

It has been shown elsewhere ♦ that according to theory, satis¬ 
factorily checked by obsert'ation, wav'es of voltage or current at 
any point P on such a simple circuit as that of Fig. 3, build up 
durbg the transient state, according to the expression: 

^ volts z or amperes z (jo) 

where S is the vector value of the final voltage or current at the 
selected point P. in the steady state, is the position angle of 
the generating end of the line in the steady state, and k is the 
number of complete AB waves that have reached the point P at 
the moment considered. The vector value of the coellicient 
is the growth factor of the x^ltage or curTent, 

at that moment. Thus if k “ o, no AB w'aves have arrit'cd at P, 
and the growth factor is zero. If A = «, the factor is unity. The 
successive stages of growth arc o, i - *-**4, i ^ 
and so on. These points determine vectorially the equiangular 
spiral polygon already described, AP Fig. 2, being taken as unity, 
and the ^'eclots BP, CP, etc., being *“»4, r«4. etc. The growth 
factors of voltage and current at the same point of the same circuit 
are the same, while the corresponding polygons are similar. 

CoN'cj,trsioxs. 

(l) Equiangular spiral polygons present themselves in the 
discussion of the initial transient states of voluge and current over 

* Bibliography 3. 
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uniform lines, loaded at the B end, and energized without splash 
at the A end, by the sudden application of a steady sinusoidal 
e.m.f, of uniform frequency’- 

(2) The spiral polygon of voltage or of current, at a given point 
on the line, depends upon the angle & subtended by the line, and 
angle Sb subtended by the load at 5 , as well as on the position of 
the point P on the line where the growth towards the steady state 
is observftl. 

(3) The vector ratio of auccetsjsive sides of the polygon is the 

same for aU points on the tine, and depends only on the hyp. position 
angle of the generator endi ^ where is the hyp- 

angle subtended by the load at B. U the line is either freed or 
grounded at so as to eliminate the load, the vector ratio of the 
growth polygon will depend only tipon the hyp- angle of the line. 
In the last named case, the ratio of the length of each side in the 
piolygon to its predecessor^ will be €~^, and the internal angle 
contained between successive sides will be cir, radians, w^here 

(4) The series of *4 w aves, or weaves arriv ing from form one 
spiral polygon. The series of B waves form another^ and their 
alternate summation by pairs, or the AB series, form a third. 
All have the same vector ratio of successive sides. 

(5) On any single line w ith fixed load at 5 , the growth factor of 
the AB voltage waves, and of the . 4 ^ current waves is the 3ame+ 
and so h the vector ratio of iheir respective polygons, depending 
only upon the position angle The voltage and current polygons 
are similar. 

(6) On a quarter-wave line, freed or grounded at i 3 , the angle 
betw^een successive sides becomes iBo®t or the polygon becomes a 
straight line as a limiting case* Each point P on ihe line develops 
rectilinear .4^ and A 3 polygon s. The same relation holds for 
three quarter, five quarter, and odd-quarter-^wave lines. 

(7) On an eighth-wave line^ freed or grounded at 3 , the angle 
between successive sides becomes 90*. The A y B and - 4 .B polygons 
become quadrantal. 
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Lsst of Symbols Employed. 

a scalar ratio of successive sides of polygon (numeric). 

pc exponent of scalar ratio of succ^ive sides {nuineric)^ 
PC I It flfs real and imaginary' components of the linear hyp. 
angle of a uniform line (hyps, per km.). 

5 susceptance of an altemating-cunnent line (mhos). 

jS angle between successive sides of a polygon (dr. 
radians). 

c linear capacitance of a uniform line (farads;km,)» 

^4, position angles of the terminals 4 and 40 of a line in 
the steady state (hyps z)^ 

E electromotive force impressed on a line at *4 (rms. 
volts z)* 

Eai voltages at points 4 and P of line in steady state 
(rms, volts)* 
f = 2.71S2S. . . 

/ frequency' impressed on the line (cycles/sec. or eyes.). 

C dielectric conductance of uniform line (mhos). 

g linear dtelectric conductance of uniform line (mhos/ 
km.). 

0 = &i + angle subtended by- a uniform line in steady state 
(hyps z). 

6 * angular distance on a line between points 4 and P 
(hyps z). 

la initial outgoing current at 4 (amperes rms. Z )- 



jfe the number of complete AB waves that have visited 
a point P toward building steady state (numeric)* 
L Length of line (km,). 

( Linear inductance of line conductor (henTys/km.)« 
j?ic transmission coefficient for current of load at B 
(numeric Z)- 

iTff transmissiDU coefficient for voltage of load at B 
(numeric z)- 

M exponent of vector ratio hetw'een successive sides of a 
polygon (numeric z)- 
a- = 3.14159, * 
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R resistance of a line conductor (ohms)* 
r linear resistance of line conductor (ohms/km.}_ 

S steady-state value of voltage or cutrent at a poixit F 
of a line (volts / or amperes 
(T impedanceof aloadinsertedat .S'endof Line(ohnis z), 
T time of single wave passage over the line in one 
direction (sec.)- 

p group velocity of wav^ over a line (km,/sec.)» 

^ angle of an equiangular spiral, between tangent and 
polar radius vector at any point (radians or degrees). 
A*^ inductive reactance of a line (ohms), 

Y dielectric admittance of a line (mhos z )- 
Z conductor impedance of a line (ohms z}- 
surge impedance of a line (ohms z)- 
w impressed angular velocity (cir. radians/sec*). 
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By BRADLEY MOORE DAVIS, 
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IXTEODirCriON. 


The Slimmer of T925 gave to me a long awaited and iniich 
desired opportunity to examine herbaria of England for data on 
the time of appearance and distributbn in England of CEHO^f^^^a 
btmnh Linineus, 0 . ffraiidificra Solander. and 0 . Lamarchiava of 
de Vries- These are species of particular interest to geneticists 
working with cenotheras who hold widely different opinions on the 
part that each has played in the development of certain conspicuous 
CEnothera floras of England. The most important problem is that 
of the time of appearance of dEnothera Lamarekiami. Was it pres¬ 
ent as early as 1806, when Smith described in the " English Botany " 
a remarkable display of cmotheras on the sand hills of Ijncashire? 
Or did it appear in England much later, perhaps not much before the 
date t86o, when Carter and Company of London offered it to the 
trade as a cultivated plant, and after this become established fre¬ 
quently as a garden escape in various localities? 

De Vries (1914, pp. 358, 359) and Gates (1915. pp. 17, 73, S^y 
fn their desire to establish the presence of f^tnarcktana in England 
close to the time when Lamarck's plants were grown in the gardens 
of the Museum d'Histoire N'aturelle at Paris about 1796 have un¬ 
equivocally expressed the opinion that the tenothera flora of 1806 
over the sand hills of Lancashire contained Lamarckiana and that 
Smith’s account and So^erby’s figures of (Enotheta biennis in the 


' Genettcal Studies on tEnolhcra—XIV. 
Botany, University of Michigan, Xo. 351, 
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English Botany. voL p. 1534 - *'efeT to Lamarckitim and not 

to bii'nnh as stated. 

1 have never accepted these views (Davis. 19 ^ 3 ' ^ 9 * 5 )' ^thougii 
o]>en-nnnded with respect to evidence, and J am now prepared to take 
a positive position against them, holding tJiat the renothera flora of 
Uncashire in iSo6 was frjVnin> and also that the herbarinin of the 
Museum d'Histoire Xatnrelk in Baris contains no materia] that 
establishes the existence of Z-niMorcfrww as early as 17961 that the 
plants grown by Latiiarck L^^f^mrckidf^n Seringe) were 

forms of Oinotiiera grandifl^ra Solander (Davis 191that 
other material of this period, including a specimen of Miehaiix's, 
believed by de Vries to l)e Lamarckiami cannot be so identified. 1 
shall reserve a discussion of the herbarium material at Paris for 
another paper and at this time only consider evidence in British 
herbaria bearing on the part lliat grattdifiora and LamarckL 

ana. together with some other large-flowered species^ Itave played in 
the development of conspicuous CEnotSiera associations of England. 

I found no one in the herbaria that 1 visited inclined to accept the 
views of de and Gates. There was general agreement that 

Smith was correct in identifying the CEnothera of Lancashire in 
18^ as (Enoih^ra biennis LintiseiiSr To B. D. Jackson of the Lin- 
nean Society. A- J. Wilmutt at South Kensington. W. B. Turrill at 
Kew\ H. Gill)ert Carter and A. W. Gray at Cambridge, H. Baker at 
Oxford, atid F, E- W^eii^s at Manchester I am greatly indebted for 
the time and attention given tu me in my examination of herbarium 
matedah I should have made poor progress without their patience 
and courtesy in matters of establishing dates and localities^ identify¬ 
ing hand wTiiing, and otherwise tracing the history of sheets through 
the information tliat well organized herbaria have to give and about 
which the visitor generally knows so little. 

It would seem hardly possible that there is no other herljarium 
material bearing on the early history' of CEnothera floras in England 
than that which I found at the chief centers and the few addirional 
references which Gates (1915) gives. If this paper stimulates fur¬ 
ther search for evidence on the problems here presented it will have 
served a purpose. 
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CExotheka biennis Linnaeus 

By (En&thrra biennis 1 refer to the species £fcs hmited in that 
careful analysis by Bartlett (1913) of the Linnean species which was 
abundant on the sand hills of Holland when Linnieus published the 
Hortus Cliffortianus in 1737 and which has become familiar to 
fEnothera geneticists through the studies of de Vries and through 
cultures derived from his lines* It is a species wdiich a few years 
ago was not known to grow wild in North America, but Bartlett * 
through garden cultures has identified with the Dutch plant material 
collected from Montreal and from Newcomb and Lowvilic in New 
York State, 

I shall begin the discussion of CEnothera biennis wdth the con¬ 
sideration of the specific problem of the determination of that species 
of CEnothera conspiaious and abundant on the sand hills of Lan- 
cashire in i 3 o 6 . Sir James Edward Smith (1806), founder of the 
Linnean Society^ under the tiatne CEnothera biennis in the first edi¬ 
tion of the English Botany*'^ wrote as follows; 

Not without the luost maiurc deliberation have we been induced tor admit 
this into a work dti Eritksli p!antj. Its Lwin^ natiiralii;cd on dunghilk and 
waste KTotjud cither here or in Germany, as mentioned in Roth's excellent 
Flora, w'hen known lo have been introduced to our gardens from America 
about two hundred years ago, would not have satisAed iis. Our siiKdmcn 
gathered qn the extensive and dreary saitd-bank? on the coast a few miles 
north of Uverpoal, where millions qf the same spedcs have been obset^^ed by 
Dr. Boscoek, and Mr. John Shepherd, perfectly wild, and covering q large 
tract between the first and second range of sand-hills. Some natural cause 
has no doubt established it there, though possibly from the opposite shores 
of the .Allant 1C, 

It ts a biennial, and dowers from July to September. The stem is 3 or 3 
feet highj, often bFanR:hed, leafy, angular, rough with minute tubercle^* and 
hairy. Leaves alternate, o^'ate or ianccolafe, toothed, downy; the lowest on 
stalks, lon^ger and somcw'hat waved. Flowers sessile in the bosoms of the 
upper leaves^ so as to form a large spike. They expand tn the evening, and 
arc delicately fragrant, of a line pale yellow* Calyx reficxed. Petals wedge- 
shaped. wavetl Eiamina equal and erect- Pods short, rough, full of seeds 
which differ from those of the Epdobium in having no down or wing. 

There is nothing m the description of Smith winch is not tnie of 
both fricnnjj and Lotiiarr^kriio. Characters that distinguish the two 
species, likely to he show'n in herharium material are: 

- Bartlett H. H, A prcliminaiy review of the allks of (Enalhfra biennis 
in Xew^ York State (in manuscript}. 
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bitnnh^ 

iUturc buds, s.s^ M. iQttg. 

Sepal lips, 3-4 mm. long, 

P«tah. 2-2,5 CHI' lo^g. 

Stigma. About 3 tnm. below the tips 
of the antheri. 

Stenu. Grocn above^ the paplllse 
never red-* 


LonEorr^Kina. 

Mature buds. 6-9 cm. long. 

Sepal lips. 6-8 mm. bng. 

Petals. 4-4.5 cm. long. 

Stigma. 5-7 miD. above the tips of 
the antberx. 

Sterna- With large red papilhe over 
the green portsons of iht st^. 


Smithes account is accompanied by a plate drawn by Jam^s 
Sowerby with the date December I, iBoSt which b here reproduced 
(Plate I.) since from it de Vries and Gates have largely reached 
their contilu.sion that the plant illustrated was iouiorfjtjnnu and not 
bieufth. The measurefflcnts of the buds and flowers are intermediate 
between bi^tinis and Lamarck tana and the stigma is not placed bdoiv 
the level of the anthers as in although neither is it drawn w'ell 

above the anthers as it should be for Lnoiurc^iofio. I have never 
been satisfied with this criticism of Smithes identification with 5 icft- 
ufj both on general grounds of probahility and because it has seemed 
to me most unlikely that, if the plant w'ere LofifurcJbiiJBO, Smith and 
Sowerby would have failed to bring out in the dcstription and figure 
such conspicuous peculiarities of Lajwarf^ifljui as the red papilke 
over the green stem, the long r,epal tips^ and the great length of the 
style. 

Forttifiately this controversy is settled by a sheet in Smith's 
Herbarium of the Linnean Society^ in London (Plate II., Fig. i). 
This sheet bears the label •" CEnothera biennis, Engl. Boi." The two 
spedineus on tlie right are numbered I which refers to the statement 
Sand hills on the coast a few miles north of Liverpool, September 
1805. Mr. J. Shepherd.'" The other specimen on the left of the 
sheet is numbered 2; and with this is the record "" From near Wood- 
bridge, SufTk., where it covers acres of ground. Mr, D, Turner."' 
All of this matter is in the handwriting of Smith. 

“There IS a pJant wlih red pspHtx over the steta which I found 

id tuhivation in the Cambridge Botanical Garden ^nd on three sheets in the 
collections of Charles Bailey at the L-niversity of itandiester. These slirtts 
were^ (i) St. BrcladcS Bay, Jersey. July 31, iSyt, ColL by Charles Baikyt 

(2) Sandhill^ Bymham Somerset, Sept. 1883, ColL W, B. Water fall; 

(3) Bortiham, North Somerset* August l 836 v ColL Jas. W, White. The 
gcnctical tomtituilon of this plant shpuld be ^rtidied. 


P4(>CEE[>ih4^ Ah. Philos. SqC. Vol. Nio, 4 


Plate 



CEn&ihtra bh-nnis. Plate from the " English Bolany/' Vol. 32, p. 15^^ 
iSd6 . Dniwn hy James Sowerby from oiaLcnaE ” sent to Sowerhy bv Smith 
from Uyerpoot." Spedmerts of the inaterld, preserved in Smith's HerEi^riuin 
of the Limiean Sodety, arc shewn In Plate II., Fjg. j. 







PtM. FmiioS, SoC. VOL, LXV. No. 4 


Pi-ATi n 



Fig, j, Fjg. 3. 


Fig. I. bi^ttnif fn Siriith's H^jrhariufiT of tlie Linnet Society. 

The two apecSmens on the nRht wunc from " Sajid hills on the coast a few 
miles north of LivcrjHKiL Sept. 1805.'^ Sowerby's tn the "■ Engiish 

BflUny(reproduced in Plate l.p of this iiapcr) were dated Dec. 1^ 1805 and 
drawn from this or simikr matemt. 

Fig. 2. St^eeiTrterK of (Enothi^ra in the Herbariitm of LinnKUS, 

collections of the linn can Society. Believed to be of a date earlier than the 
t75J edition of the ** Species Plantaruni^ 
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The three specimen^ haw flowers of the size of biennis and some 
of the stigmas are tlearly shown below the tips of the anthers as in 
this spectes. The bud tips are those of bimnts as is the pubenilent 
and pilose pubescence of the sepals and stem. The papillae on the 
stem are not dark red and oniy have that light reddish brown tint 
that IS so common on old herbarium material; it is therefore probable 
that younger parts of the stems were clear green. The capsules 
measure about 2p mm. which is very close to the length of greatest 
frequenc>% 37 mm., reported by dc Vries CrgoX- P- 312) in a study 
of 356 capsules of WcninV which ranged in length from 18 to 38 mm. 
It is impossible that the plants could have been Lamerekiauaj in all 
points the specimens agree with biennis, 

^ Our concern is chiefly with the specimens numbered i from 
" Sand hills on the coast a few mites north of Liverpool, September 
1S05. ifr, J. Shepherd.” They were collected by the John Shep¬ 
herd and from the same locality mentioned in the ” English Botany,'* 
,Vlso, the date, September 1805, is of the year when Sowerbv drew 
his fibres which are dated December i, 1805. The original colored 
drawings of Sowerby in the collections of the Linnean Society bear 
the following note "Sent to Sowerby by Smith—from Liverpool." 
In these drawings the sepals are a clear green and no red i$ shown in 
the papitlx over the stem although the long hairs are dranm carefully 
and red is shown on the side of the stem and lower leaf. There can 
be no doubt that Sowerby worked from these veiy specimens or from 
similar ones, but he failed to present correctly the stigma-anther 
relations and he dreur the plants somew hat too large. It was the 
habit of Smith to preserve specimens of the material on which illus¬ 
trations for the English Botany " were based. 

The specimen numbered 2 with its record shows that biennis at 
this time grew in profusion also in Suffolk. D. Turner refers to 
Dawson Turner (i775-iSj8). banker of Yarmouth, 

To make clear the identification of Smith’s plants of the " Engli.sh 
Botany ’* 1806 with (Enolhera biennis Linnzeus compare the speci¬ 
mens of Fig. I. Plate II., with that of Fig, 3 which is a specimen of 
biennis from the Herbarium of Linnicus in the collections of the Lin- 
nran Society. This sheet bears the name biennis in the handwriting 
of Linnsus and the shoot shows flowers, buds, stem characters and 
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stein foliage remarkably well preserved; the locality^ is not given, the 
date must have been earlier than the 1753 edition of the “ Speeies 
Plantanim.” There is also complete agreement of these specimens 
of Smith's and LinnEeiis’'s with tliat important sheet in the Hortns 
OifFortianus 1737 labeled Onagra latifolia and* except for the sng-^ 
gested difference in flower color^ with the sheet labeled Onogra hti^ 
folia fiore sidphureo. The latter is believed to hold a specimen of 
the sidphurea variety of although the flowers are now teso 

stained and faded to show their original color. 

Other publications of a few years later give little or no further 
information concerning bhtinis. Thus Smith (1S13) in 

Rees^ Cyclopedia simply restates matter from his account tn the 
"English Botanywith, however, this sentence of significance: 
"This {(Enotlicra bi^rmiis) is the only British aiiecies of CEnothera, 
nor was it till very lately admitted as such." By this Smith prob¬ 
ably meant that fcifJiBtr was the only species growing wild in con¬ 
spicuous associations, Don (1S32) adds nothing of importance to 
Smith's account in the Enghsh Botany, Baxter 0 ^ 30 ) gives a 
description and plate of (Encfhcra biemus' which, however^ are not 
very satisfactory. Gates (1915, p. 16) holds that Baxter refers to 
Lamarckiatia but I can see no evidence for this view. The plate 
show*s flowers drawn the size of iuVnMiV and folded stEgma-Iobes 
projecting only slightly beyond the tips of the anthers; the lower 
portions of the lobes are below vrhich is not true for Lamar^ktana. 
The stem is described as of “ pate green color, rough with minute tu- 
litrcles "; there is no mention of the tubercles as being red, a char¬ 
acteristic of Lfljwarcjtiana which could hardly have failed to receive 
notice. Baxter gives a long list of localities from some of which 
specimens of bknnis had been preserv-ed, particularly plants from 
Crosby and Southport in I^ncaslure and Woodbridge in Suffolk in 
herbaria of Smith, Borrer and Babington. It seems highly probable 
that Baxter saw some of this material in herbaria which must have 
been notable collections at that time, Lindley (1833) describes an 
^'CEuQthi-ra biennis \ar. grandiflora" which certainly was not O. 
biennis and will he considered later in this paper with a group of 
narrow-leaved, large-flowered Oenotheras having pubescence similar 
in character to that of Lamarckiana, and with red papilla. 
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The treatment of CEnatliero biennis m later editions of the “ Eng¬ 
lish Botany '* did not improve on the first edition and some curious 
errors developed. Thus the figures of (Enothera bmtnis in the third 
edition of the English Botany ’* are copies and rearrangements of 
some parts of the original plate of James Sow'erhy with the addition 
of a lower leaf and a capsule. The coloring and drafting is not so 
good. The description is by Boswell-Symc (1865) and gives the 
general information of the first edititm but with the following state¬ 
ments of size, “ Calyx tube about 2 inches long, the free portions 
twice as long as the part adhering to the ovar\': Petals il 4 to ij 4 
inches or more across; ... Pod i-i>A inch long/' These measure¬ 
ments are too large for biennis^ but they approximate the size of the 
figures on the plate and perhaps these were judged to be accurate 
representations of size, W'e know from the preserved specimens of 
Smith that James Sowerby drew bis figures of biennis too large. 
What do the British herbaria tell us of the history of biennis in 
England and especially on the sand hills of Lancashire? There is 
gi\en in Table 1 records of sheets of biennis known to me from the 
herbaria of the British Museum at South Kensington, the Royal 
Boiarac Gardens at Kew. the Ltnnean Society, and the herbaria of the 
universities at Canibridg^e^ Oxford and Matichester. They present ^ 
clear history of rather frequent collections from Lancashire follow¬ 
ing the interest established by Smith through the “ English Botany " 
in 1806, and there are numerous scattered reports from other locali¬ 
ties. Thus before ift4o W'illiam Borrer gathered material from 
Crosby Warren, W". A. Leighton from Crosby Sands, B. H. Allen 
and Miss Potts from Southport, all in the region of Smith s original 
report, ilore recent sheets give records of specimens collected in 
[87^, tSyy, 1878, i8S3, 1885, 1907 and 1913. Some of these speci¬ 
mens were gathered by Charles Bailey and b>' J, A. Whcldon who 
knew (Enotitera Lantarckhna as well as (Enotfiera biennis and dearly 
separated the two species. Bailey (1907, p, 7) records some other 
collections of bicniiir at Crosby, and Wheldon (1913) gives a good 
description and plate of the plant with an interesting account of its 
distribution and associates on the sand hills of Lancashire. These 
excellent botanists, familiar with the region, knew their plant thor¬ 
oughly and there was no doubt in their minds of its identification 
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with (Enotbcra bicmih Linnseus, It is dear that biennis since [So6 
has been continually dn the sand hills of Lancashire established as a 
wild species. For Lansarckmfrn^ as we shall presently see, there Is 
no evidence of presence in England until about i860 when Carter and 
Company of London presented Lamarckian^ to the tradcn 

The older records of CEnothera biennis show that it had been in 
English gardens for more than a century prevHous to 1800. There is 
the excellent specimen in the Morisonlan Herbarium of Oxford 
University which bears the label " Lysimachia hilea comicuiata non 
pappasa Vitginiana major. Moris. Hist. Oxon. I., 271, No, 7," 
This plant was grown in the Oxford Physic Garden about 16S0 by 
Morison or possibly later by J+ Brobart his assistant; 1680 is the date 
of the ftforison^s “ Plantanim Htsldna Uni%'ersalis Oxoniensis.** 
Miller (1760) figures on Plate 1S9 (published In 1757) two plants 
difFerlng in flower size both of which, however, show clearly stigmas 
placed below the anthers in the position characteristic of biennis, 
rile laj^cr flowered plant designated ** foliis m^aio-lanccolads phnis 
Vir, Hiff* "" seems most certainly to have been bUmnis; it could not 
liave been Lamarckiana as suggested by MacDougal (^907). Miller 
states that the plant “ is more commonly seen in the gardens than anv 
of the other species.'^ Gates (1915) gives references to biennis in a 
number of collections of Linnean and pre-Linneati dates and the 
evidence is clear that the plant in these early years w-as a subject of 
jiarticular interest as an attractive American introduction, 

TABLE I. 

Sl-ECIMEVS OF CESOTHEEA BIES'VJS LtXX.EUS fHOH BkIUSH LoCJVUTiES OP 

Dates Later thas i8cm>. 

17S0. (En^nkcm biennis. Cottage Garden, 17&X (Smith's Herbarium, Lin- 
n^an Society.) H:incfwriting oE Sniftb. 

1S05, First sirfdiiien—Sand hills on the coa^t a lew miles north oE Liverpool, 
SepL, 1805. Mr. J. Shepherd. Secor^ speciinen—Fnam near Wood- 
brtdgc, Suflolts, where It covers acres of ground, Mr. D. Turner. 
(Smith's HerbarStun, UnncATi Society.) Handwriting of Smith. 
r8o6. Mrs, I, Turner, ifio6. (General Herbarmin, Royal Botanic Gardens,) 
Probably the wife of Dawson Tumen 

iSll. SufFotts coast, Rc\\ G, R. Leather, iSii. (General Herbarium, Ro>‘al 
Botanic Gardens,) 

fSio-tSia First ^pcdniEu—Sussex, \Vm. Borrtr Esq, Second spemlmeti— 
Crosby WarrcjiK W. Bomer. {Herbarium, Bntkii Museum,) These 
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1843. 

1843. 
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L3a«i^hi,,. '* Smith's lottjiiy i« 

JSas-ia« Crosby Sand^ Lancashire. Mr \V A fr- 

="*”■> *''■ 'V- a.UL„‘?,'SJ 

Ito). Siiff, July, Igjg^ Dr. Jcraivs. Herb C C Sahi 

r8« University,) ' ‘ ‘ 

-.s-is c, c 

Crosby ^\arrcn, bdow Liverpocl, July 31 igi, tRf,„Lw k • 
About ^ Probably coi]«J by Lrrer. 

oi aarre^Sy*?(Herbarium 

Surrey. Sept., { Wat- 

iRM- W. Swansia, Glanmorcan (S. Waits), July i&tj Com hv \f 'll 

■“ .< cw,« 

Hehhum Ba]l«, Hills, Banks of ,he Tv„e, Durham Col. 

szsr 

■*- -•«“■ 

About Exmouth sands (Devonshire). Ex. herb. Rev W V r . 1 . 

BuraZT(B^^b^‘\^ H^birium. Cambridge Universitv.) ' 

H„Moh, s,dw-G^.. 

5”rT- «- 

Canal m clover fteW. Thames Ditton. Surrey July i&t. « 

C. Watson. (Herbarium. British Museum ) ^ 

L'tT' '"r 

.“3"?."-iz 

Z4 


184S. 


1855. 


1S61 

j86 ^ 

TS64, 

m?. 
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187*. Sandy field Wr of Meri^y View, Waterloo, LancashireK 8, VJIL, 1872. 
Coll J, H. L. (Herlianiini of Charlea University of Man- 

Chester) 

ifijJ Waste ground about London, 1872. (HcrbarliiTn of Diaries Bailey, 
Univerilly of Manchester) 

187s. Bristol by river, Aog. 28, 1875. (Herharium of Charts Eailey, Univer- 
Aity of Manchester.) 

1875. Railii^-ay Banks, Glosterside of Avon, Sep?., 1875, (Herbarium of 
Charles Badcy, Univef^ity of Manchester) 

1S77, Sandy ground, Croshy, S,W. Lancashire. 17, IX., 1877. Ex coll. J, 
Harbord Lewis, Liverpool (British Herbarium, Oxford University,} 
1878. Railway Bank, Aberdovy. N. Wales, VII 1878. Coll H. E Fox. 

(Herbarium of Charles Bailey, University of Mancbesler.) 

187S. bandy Fields, Crosby, Lane., Augtisr. 1878, J, Comber. (Herbarium 
of Charles Bailey, University of Manchester^) 

1SS3. Aitisdale, SoMthport* Southwnt [..ancashire, Sept, ai, jSSj. CqIL 
Charles Bailey. (Herbarium of Diaries Bailey, University of Man¬ 
chester.) 

1885. Southporl Southwest Lancashire^ Ocl i^, 1885. Coll Charles Bailey. 

(Herbarium of Charles Bailey, Uni^ersuy of Manchester,} 

1907^ Sandhills, HightoiATi, S. Lanc., Aug, 30, 1907, Leg. J. H, meldon. 

(Herbarium of Charlca Bailey, University o( Manchester.) 

1907* Birkdate near Southport, West T^cashire, Aug. 24, 1907. CotL 
Charles Bailey, (Herbaiiurn of Diaries Bailey, University of Man¬ 
chester.) 

igoj. Sandhills, Hightown, S. Larve., Aug., lyoy. Leg. J, A. Whcldon, 
(Marshall Herbarium, Cambridge UnIversilyO 
im' S^d dunes, Hsghlown, S. Lattt. 4, IX.. ipij, h^. I A. Whetdon. 
Cult, for fifteen years at Walton. (Marshall Hetfaarium. Cambridge 
University.) 

rpij. A duplicate of the above in the Herbarium of Charles Bailey, Univer¬ 
sity of Manchester. 

CEnotheiu nii,\Niiiru>RA Sola .v per. 

In sharp cuntra^t to the numerous herbarium sheets in England 
of (HnotkcTa biennis is the marked scarcity of material that may be 
identified as CMnolUcra ffrandifiora Solandcr, This large-flowered, 
long-styled species could never be confused with btennis and Ln- 
marckiana by anyone familiar with its characters, hut becaiiise the 
species is almost unknown to the present generation of British Ijotan- 
ists the characters that will distinguish herbarium material are given ' 
below. 
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(Enothtra gra^tdifiora. 

Sparsely pubescent, green 
above, reddish betoi^', pap||j^ 
never red over green portions of 
the stem. 

Uoivt, Smaller, lanceolate, dis¬ 
tinctly perioled, plane, with less 
puDc$c?iii:)c. 

FotreHng jhaott, Clnstercd, npprojc* 
imate branching, 

More open, narrower 

bracts. 

fiuds. Long slcdcf hypanthlum and 
slender cone. 

Sepals. Glabrous or almost glabrous. 

Sepal tips. g-,o mm. long, attenoate 
and with relatively little pohea- 
Cence, 

Glabrotis. 

CQpsules, 2,5-3 cm. Jong, gtabrouii. 
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L^nmr^kinna. 

Stems. With heavy piloae pti- 
bfl™icnt pubescence, numcroas 
ced papilJse over green portion* 

Ql iHfl itofl. 

Larger, broader, short peti- 
&r .aiitio^E .u-ii&ile, tlie larger 
critilckd, more evident pubca- 

Mfioe. 

,koott. Ffeguemly singly 
long brandies. 

inftoreseeaee^ Dense spike, crowded, 
tQpped. broader bracts, 

Bads. Stronger hypaiiifiium and 
much Wilder cone, 

.TcAj/j. With heavy pilose and pu- 
benjient pubescence. 

Sepal tips. 6-3 mm, long, ihidter and 
With heavy pilose pubcsPDttic?. 

Owo'. Strongly pilose and puberp- 

lent. 

Capsules, cm. long, strongly 

piidse and pubcfulcrLt, 


^ «”»-«- zz 

Uinol/tcra gmndifiom is very vtttW known to such Mncticist. a. 
have in recent years gromi nmterW from its habiut at Di! t T 
iRg, Alabama, and no species of CEnotfiera has so cl™ " J 

front material grown at Kew, states that n n A-a ’ 

<lticed by John Fothergm in lyyg The v« 

.Vum of the British .Museum at South F 

seum at South Kensington with “Hoii. 




360 


DA\^S—lilSTOHY OF OENOTHERA. 


FothergiJI 177S” makes it evident that Bart ram must have sent seed 
to FothergilL This specimen has suffered from the attacks of insects 
but the material shows clearly the bud form and attenuate sepal tips 
of grandiflora and the scant pubescence over the sepals and other 
parts characteristic of the species. 

The British herbaria that I visited apparently have almost nothing 
to show from English sources that is clearly CEiJo/ftcra grmidiflora. 
Gates {1915, p. 13) records specimens from Cobhatu Lodge 1829 
and 1631, which 1 have not seen, and there is a specitnen at Cam¬ 
bridge University labeled " Herb. J, D, Gray. W aste ground near 
St. Boiolph^s station. Colchester^ Coll. J. D. Gray* Aug. i83i.'^ 
There were some sheets, incorrectly identified, belonging to plants 
that in sonic respects resembled LmircrrcHana but were neither this 
species nor gra*idiffora. These are considered at the end of this 
paper with other sheets under the heading X^arrow-leaved, large- 
flowered cenotheras from British localities with pubescence similar in 
character to that of Lamarckiati&j and w^ith red papillae 

1 was greatly surprised at this paucity of in format ion concerning 
grandiflora in England, and later was much interested to find this 
comment of Wlieldon (1913, p, 207) : "The old garden G^twthera 
appears to have been 0. hiernitSf as O. grandtflora (w^hich I presume 
would include O. Laumr^firiana) for a long tiine+ judging from cul¬ 
tural directions in old gardening books, was regarded as a somew'hat 
tender plant, fit only for growling under glass.Also, Sims (1819) 
writing of a " Pubescent Great-Flow^ered CEnothera which he calls 
'' CEnoihtra gratidiflora B and regards as a pubescent variety of 
CEnothcra gratidiflora remarks “ scarcely to he considered hardy^ 
though so marked in the catalogues."" Sims's plant W'as not grandt- 
flora but possibly some associated form since we know" from garden 
cultures that with grandifiora in stjuthern United States are other 
large-flow^eretl cetiotheras that may be isolated. 

The oidy records of grandifioraAlk^ plants growing wild in Eng¬ 
land of recent date seem to he those of Gates (1913, 1914) w'ho grew 
ctiltures from seeds of a large-flowered (Enothera colony at Birken¬ 
head near Ltverpooh Ga;tes's cultures from this source contained 
some lines of ^randfjfoird-like forms together with dwarfs, and also 
types resembling Lamarckiana and some of its derivatives. He did 
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not iee the original colony at Birkenhead but concludes (Gates 1914, 
p. 3^} that it evidently contains a great profusion of forms be¬ 
longing to both O. Lamarckiaita and O. grandifora '' This Birken- 
hrad colony is cited as exceptional among the numerous stands of 
t^othera in Lancashire which Gates, in agreement 1^^th the observa¬ 
tions of Bailey and Wheltion, found to Iw biemh or Lmnankiaita 
one or both* 

I have stTOiigly the impression tliat grandifiora in England does 
Tiot establish itself as a garden escape, in sharp contrast to biennis and 
Lautiirckisna which are frequently found in suitable situations It 
may be expected to appear sporadicaUy, as it has done in a number 
of locaiities in the United States, but with us. aiso, it does not hold 
Its own except in its special southern habitats, (Enoihera grandtflora 
to reach full development requires the conditions of long warm or 
fven hot summers. The lines that I have carried for the past seven¬ 
teen years did very well in the long humid summers of Philadelphia 
!>ut in N'ew England and at Ann Arbor they have fiowered so late 
that to obtain sml it has always been necessary to pplliiiate early 
and to Protect the developing capstifes from frost. There is of 
course always the possibility of grondi^ara crossing with other forms 
that may be near it and such a colony as that at Birkenhead may 
Iiave been a mixture of types, including hybrids. 

ti. NOTH Era Lamarckiaxa of de varies. 

It must l>e stated at the outset of this discussion that by Lamarck- 
ifljifl we m^ii the plant made familiar to botanists by the material 
which Prof, de Vries has so freely distributed to all interested in 
■nothera genetics. We know the characters of this plant very well 
through all stages of its development. We know that there is a 
number of races within the species but that these are distinguished 
by minor peculiarities which do not affect the fact tliat Lamarckinna 
IS a very clearly defined species with marked peculiarities of leaf 
form, habit of growth, pubescence, inflorescence, buti form, flower 
size and stnicture, capsule size, etc., ic^tther with a verv high degree 
of seed sterility and about 50 per cent, bad pollen. There is abun¬ 
dant evidence both from its breeding behavior and peculiarities of its 
chromosome distribution that the plant is heterozygous and a striking 
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illustration of an impure species (Davis 1922), maintaining itself by 
the virility of the tyi>e of heterozygotes that constitute almost all uf 
its product of viable seeds. 

I was much surprised to find how coniimori has be¬ 

come in south and central England. It is one of the frequent plants 
of private gardens, against walls and in liorders wfiere it readily sows 
itself. It frequently escapes from cultivation and may be seen along 
railroad cracks in the suburbia oi cities. As would be expected the 
showy Lamarckimta is now much more commonly in cultivation than 
tbe smaller Ruvrered ^^j'rufujr which earlier was a popular plant hi 
cottage gardens. 

As 3 wild plant Laftiarcktanu is fjest known through colonies in 
Lancashire where they were first reported by Oiarles Bailey (1907)+ 
who made careful ohserrations on extensive grow^ths of the plant at 
St, Anne's-on-the-Sea. Bailey states that he gathered the same plant 
at Southport, Ainsdale and Birkdale on the opposite shore of the 
estuary of the kibble in iSSi and in subsequent years. Wheldon 
(^9^3) studied the plant noting that CEjiot/irra hteinm is much 
more plentiful and more widely spread on the dunes of South 
Lancashire and Laiunrckiitna more abundant north of the River 
Rilible; als^j that LdinjcircA'itiiia wus mostly on made ground near 
towns.'' Gates (1914) visited the regEon and found the colonies of 
^icniiij anti l^aniurckuwQ, the latter plants exhibiting various racial 
peculiarities as shown by their inlieritanco through cultures. He 
states that exact duplicates of De Vries's race of L^nwrckiana are 
infretident hut that they may differ in only one characier as in bud 
color. Cultures from seeds of the Lancashire plants by MacDougaJ 
(1907^ P- and Gates ( t 9 M) variants some of wdnch were 

comparai>lc to those from ihe Lumur^kiana of de Vries. 

I visited St. Anne's in the summer of 1925 and found Lamareki- 
ma still present on the outskirts of wliat has liecom.e a rapidly grow¬ 
ing summer resort. Collecting seeds from different plants of thi> 
St. Anne^s material the folfownng interesting cultures w^ere growm at 
Ann Arljor in the summer of nj26. f j) Culture 26.45, ^ germina¬ 
tion of 2 g .8 per cent., gave 260 Ltiniarckiaua, 2 laia^ 2 t hertf. 

2 small-leaved plants with red bud cones, 2 j:fiiitf7/auj-Hke rosettes. 
(2) Culture 26.46, germination 51.9 per cent., gave 207 Lsmarckiana, 
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I !aia. 3 a Jf/jifi/ZaiJf-likc rosettes, f^) Culture 36.48. ger¬ 

mination 34 per cent., gave 76 Lawiarekiatts. 2 lata, 2 kero, i scintil- 
/ffijj'-like rosette. The fr/jtt/ffenj-like rosettes failed to develop 
shoots, Tlie hero plants, with only 30 per cent, good pollen and 
many of the grains 4-Jolied, were probalily triploids. The percentages 
of germination were close to those determined for lines of Lftmarclti- 
am from de V'ries, and examinations of pollen showed the character¬ 
istic proportiott of 50 per cent, bad grains. This Iwhavbr of St. 
Anne s material is vvbat would have been expected of Latnarckiatia. 

Some e.xccllent material of t^atJtarck'iana from St. Anne^s W'tis 
distrihutetl by Bailey and may fw found in the herbaria of the British 
Museum, Royal Botanic Gardens, Oxford L'niversity, and elsew'here, 
and a large number of sheets is at the University of Manchester. 
In this material arc specimens of at least three forms which are not 
f.otnarckiattu. The first is smaller flowered, with shorter stvics and 
short sepal tips as in biennis, and may he a cross lietween La'tinrckt- 
tffiff and this species. The second form with the stigma near the 
base of the fietals closely resembles bret'istytis. I'he thirti plant 
clesignated hy Bailey a narrow-leaved form " is distinguished from 
by its narrow, eliptical leaves with longer petioles, slen- 
tler bud cones, and shorter sepal tips. The fortii suggests certain 
large-flowered American species of the W est, having that appearance 
of weediness so generally characteristic of tenothcras. an appearance 
in sliarp contrast to the Itixiiriance of iiiwKjrr/tjViwcr. This plant to¬ 
gether with certain specimens from Lancashire to Ije noted in the 
next section of this pajwr indicates that other species Iwsides hknuis 
and LaniarckioHa have been on these sand hills. 

.•\n interesting situation is opened when we try to trace the history 
of Lamarckimta in England, 'fhere is very litile herbarium material 
with distinctive characters of this plant clearly shown. 1 liave listed 
all of the sheets that 1 know in Table 2. arranged so that they run 
from specimens of recent date hack to what I believe to be the earliest 
specimen of Lamarckiana. To these may be added references of 
Gates (lOrj, p, 15): “ Herb, Hort, Kew 1^3,''Uxbridge, England 
fOoy," and “ Garden at Kelgale, Boulanger lyoj." Returning to the 
list in Table 3. from St. Anne's tltere is a iititnlier of sheets of Charles 
Bailey collected in 1907 and somewhat earlier. I'rom Lticl.ston June- 
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tion, near Birkenhead, there h a sheet t>f C. T. Greene dated 1905. 
A particularly good speciinen of a cultivated plant from the garden 
of Edward Leeds bears the date 1S76. In 1871 and 1872 Churchill 
Babington collected specimens on waste land fprobably escapes) at 
Banbury (Oxford) and at Cornfield. Suffolk. The most important 
spedmen is of a plant grown in 1862 by Dr. Asa Gray at Cambridge, 
Massachusetts, from seed received from William Thompson of Ipa- 
w'ich, England. 

In an earlier paper {Davis, 1913) I brought this sheet to the at¬ 
tention of British botanists emphasizing its probable close relations to 
the material of Carter and Company^ seedsmen of t^ndonp who about 
i860 placed (EiiQtkera Laniarckiam on the market. I hopedi that its 
importance to an understanding of the cultures of Carter and Com¬ 
pany might lead to the discovery of other specimens t>taTing on the 
problem of the origin of Latuarcklana, I offer this sheet as the 
oldest specimens of Lciwid!rrAia?jii known, holding that de Vries and 
Cates have failed to present satis Victory' evidence for the existence 
of Latnarckiam previous to tSfio, 

The sheet (Plate IlL) bears notes in the handwriting of Dr* Asa 
Gray to the following effect—in ink (E, Laniarckiana/^ ** HorU 
Cantab, 1862,” and " from seed of Thompson* Ipswich tn pencil 
and probably of a different date '^said by English horticulturists to 
come from Texas." It was the habit of Dr. Gray at that time to 
use herbarium labels marked Hort. Cantab, and this fact together 
with the absence of olher wTiting on the sheet indicates that the plant 
WHS groMm in the botanical garden at Cambridge, Massachusetts. 
The note “ from seed of Thompson " refers to William Thompson 
of Ipswich, England, w'ho died m T903. Williani Thompson was a 
seedsman and a most enthusiastic cultivator with correspondents in 
all temperate countries and the introducer of numerous herbaceous 
plants more particularly annuals and biennials. 

It is highly probable that William Thompson with his interest in 
novelties, obtaine^l from Carter and Company their new CEnothera 
and that the seed sent to Dr. Gray was either directly from this 
source or from plants ctdtivated by Thompson. It will be remem¬ 
bered that Carter and Company stated that they received their seed 
from Texas, ■ivhich accords with Dr. Gray's note " said by English 
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PLATE W 



Spwimcns in ihc- Gray Herbarium of HanariJ Univcrstly from a. plant 
of (Efwth^ra L^manyiana grown by Dr. .Asi Gray at CanibnJgc. Massachu- 
seit^H in 1S62 fmTTi setd sent by William Thompson of Ipswich, England. 
Tins sheet h offered as holding thi: oldest spcPTneni of /.nmari'ilria/ja known, 
possibly not more tlian one or two generations removed from the cultures of 
Carter and Company. 
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Plate IV 



i" Ficl 

Fig, I. An CEnuthirra figured hy Ijndk>' in Ed^rd.-^'s “ Botatiical Rpg- 
kitr'* VqI, t9^ p. 1604, iSjj. PrQ}uhly a5^Kiatci:| wriili early intr^nctioii^ 
into EngLinil c^;Tta^n nartOH lar^-flowcred ofnuthfrras with pn- 

lic^cencc simiJar in charack-r lo that of Lumarckians (see Table J of this 
paper), which wxre in cultlration as early as iSja 

Fic, i, SpecImeELN in the hcrbarmni of Ciimbrldge University claimed by 
Ciates (1915, p, 15) 10 be Qinctfh^ra Lamarfkkna^ "the exact cooniterpart of 
de rics s race. Label. Hen stow, CLfliC/Aimi r^nfjiniiiJ^ora, SwitiCfland , 

/. Dahon;' Xo date, but must be of the early nineteenth eentui^-. The pu- 
hescenee is of soil hairs scaltfred on sepals and steni.H. There are no fed 
papill;^ bearing hairs on the stems, neither is there characteristic puber- 
utencen and therefore the puhesceiioe is not that oi Lamarckhn^. A|so^ tlie 
leaves and bracts arc rather narrow for Z.dfFriirrjtibpici and the sepal tips are not 
so aticnnate. TTie material is not Lnniorr^iiMa. 
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horticulturists to come from If this interpretation of the 

sheet in the Gray Herbarium is correct the plant was very close 
indeed to the cultures of Carter and Company, possibly not more than 
one or two generations removed. This sheet then gives evidence on 
the composition of the cultures of Carter and Company immensely 
more valuable than the very unsatisfactory^ accounts Jn Fhra! 
Maga::iuc, VoL IL, Plate 78, iSfc, and in “ LTlIustration Horticole/' 
Voh IX.. Plate jiS, 1862, both accompanied by the same figure of an 
impossible CEnotliera. 

The importance of this sheet in the Gray Herbarium (Plate III.) 
lias led me to re-examine the spedn^eiis with the advantage of a wider 
acc|uaintance with Lamarckiana and gmtidifl&rd than when I wrote 
the first description (Davis 191^0^ 1913)- 

SlcwiL Strongly pilose and puberuknt^ the long hairs arising from red papilbt, 
wholly as In Lamarckia^a. 

Lcffivj. LdHifliYitiair^-lLke in form and pubcmlcnt pubescence. The large 
leaf, about ifi.5 cin, long, suggests by its form the basal lca\''ej of 

Rather more open than that of LefurarrA-ia^j but no evidence 
of approzdmate branching as in grandtfittra. 

Bratit, Broad at base and puherulenl as In LamarckiaNa. 
fiud^. More stcader hypantbluin and bud cone than that of Lamari-kmn^; 
in these respects 

Sipais. Strongly pilose and puberuicnt as In 

Sepal Tips^ About ^ mm. long, attenuate as in grarsdffiara. but heavily pilose 
as In JloitfarrJtAiiiJ. 

Pft^lr, About 4.5 cm. long. 

Sli^ma Lobes. 4. about 5 mm, above the tips of the anthers. 

Orary. Heavily pilose and pubcruTcnt and with red paplltae as in 
Capsules. 3 citl Idiik. Heavily pilose and pubemlent as In £iT^orrit^iKi. 
The capsules arc longer than In most races of /jnnnrrJfeKrifo cm,) 

and not so stout, but they do not taper as in graKdifiom, 

It will be noted that the plant h typical of EowiorcJ&fmm in all 
important respects except the more slender buds, attenuate sepal 
tips, and longer capsules. In these respects the plant is simitar to 
grandifiora, but the heavy pubescence on the structures is that of 
the sepals and capsules gf grandifiora are glabrous or 
almost glabrous. Pubescence is a most important character in judg* 
ing relationships among the (snotheras and the pubescence of the 
stem, leaves, sepals, ovaries and capsules of these specimens is 
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wliolly that of Lamartki’ajia. The large broad leaves are also char- 
actcrisTJC of Laitiarciiiana and remove this plant from narron-leawd 
species with which it might be confused. The capsules are longer 
than in most races of Laitmrckima, but they fall within the range of 
measurements recorded hy de Vries (1901. p, 312) ,'n a study of 568 
capsules of Laiuar^kiana. 

Tlius in pubescence, leaf form, inflorescence, flower structure and 
capsule form the spedtiiens show clearly the characters of Lamarcki¬ 
sm. In bud form and attenuate sepal tips only do we find sugges¬ 
tions of another species. In early papers I was inclined to emphasiste 
this resemlWance to gra»difioru but the strong pubescence of stems, 
buds and capsules makes it unlikely tliat grandifiara contributed to 
the blood of this plant. These characters, if typical of the plant, 

seem more likely to have genetic relation to some other species than 
f/rnHefi/orff. 

1 have hinted that there may have been other large-flowered 
omotlwras in England besiiies Ifiomis, gratidifloro and Lamtirrkiana 
to complicate the problem of tracing the history of the latter species. 
In my txamirtaEian of herbarium sheets last stinimer I foiitid evi- 
dence of such, material in specimens differing from Lautarchiana 
most conspicuously through the presence of narrower leai^s and 
these siKcimens w ill now be considered. I hold that these specimens 
are not of Lamarckiam and that there is no herbarium evidence of 
tile presence of Lamarckiantt in England or elsewhere before the time, 
about i860, when Carter and Company presented the plant to the 
trade, 

T. 4 BLE 2. 

SrsciMCNs or (Esorm^A LAWAmraiANA or pel Vriks raou Britisu LocAi.iT.es. 
i|»7 and earlier. Various sheets of Charks Bailey of specFinms from St. 
Anqes^ii-th#<Sea, Uncwstiirc, (Herbaria, University of Manches¬ 
ter, British Museum, Royal Botanie Girik-ns, Oxford’ University.) 

1905* Sandy waste ground about the railway at Bidston Junction. 3 miles N. 
of Brrkoiihead, Cheshire. C. T. Greene. D.nc Julv 7, 1905. (HcHia- 
tiuin, British Mnstuni.) 

i«7<k Cultivate specimen from the sarden of Mr. Edward Leeds (Cccieral 

hcr^rium, Roynt Bolaiiic Gardens). particutarly good siwimen 
01 

itf72. iSji. First speciTTioi-W asie pTwes, near Xorth Western Railway, 
anbury (Oxford), Atig, 55, tSyst toll. .A, French, Secotid speci¬ 
men—In com field on waste land, not truly wild, Corkfield, Suffolk, 
aiurchill Bahingtofl. Sept, 9, t«?r. (Herbarium, British .Museum,) 
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iS62. Hori, from seed of Thompson, Ipswreh. (Gray Herba’- 

riuiti of Har^nrd University.) A pfatu frown by Dr. Asa Cray ac 
Cambridge, Massachusetts from seed sent by Wiliiam Thanijkaon, a 
seedsman of Ipswich, Enfland, ll seems probable ibat Thompson 
obtained his material from Carter and Company of London who 
placed aZuothera Loinarrkktua on die market as a novelty at about 
iBGo. 

KARROW'LE.\VEtJ, LARfiE*FLOWyjtEJ> <Ej;OTHEHAS from llRITiSH 
Localities with Plibehcexce Simj^vh in CHAicAmis to 
that of Lamarckiasa and with Keo Papilue. 

My interest in narrow-leavetl, large-flowered cenutberas with 
pilose and puhcmient pubescence similar in character to that of La- 
inarffciana was stiiiuilated last sumuier by the examination of that 
specimen of Mieliaiixs in the herbarium of Museum irHistoire 
Xnturelle at Paris which de Vries (1914) has brought forward as a 
plant of Lainarr^fuiai. a conclusion that Gates ( ryij) has acceptetb 
I shall dismss the specimens on this sheet in detail in another ijaper* 
-At this time it is only necessary to note tliat however similar Mi- 
chatix's plant may have lieen to I.miiarckintsa in bud and flower 
stmeture and in pubescence its foliage removes it entirely from this 
sjiecies. 

There arc many leaves shown on the two specimens on the sheet 
of Michaux’s, one the upper part of a shoot and the other a lower 
section where the stem was thick. All leaves and bracts are ellipti¬ 
cal-lanceolate, tapering to long petioles which measure as much as 2 
cm. in the larger leaves. One of the larger leaves is 15 cm. long 
and 2.8 cm. at its greatest width a ratio of width to length less than 
1: 5. This narrow leaf fomi Lftuiarchiana definitely docs not have. 
Indeed, iMnnirckiuna and bicimh arc exceptional in having broad 
shurt-petioled leaves which give to the plants an asirect of luxuriance 
in sliarp contmst to the weediticss of most cenolhcra.s. W'e mav 
never be able to identify Michaux's plant, but 1 venture to believe 
that it was a tall plant, very leafy but without great range of leaf 
size. The buds were at least f) cm. bug, the hypanthium long and 
slender, and the flowers exceptionally large. It was a coarse plant 
with much heavier pubescence than that of Laniarckuma although of 
the same nature. There are types of tunotheras in south and west 
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Nqrth America atid probably elsewhere vrhich have these character¬ 
istics in \'ariQiis deg^rees, but they have not as yet been given carefut 
study through garden cultures. 

It was then a matter of much interest to find in English herbaria 
a number of sheets suggesting in ^^rious particulars this plant of 
Michaux's, that is to say* they were narrow-leaved, large-flowered and 
had the t^pe of pubescence found in Lamerckiana including red pa¬ 
pilla over the stem. I have listed these specimens in Table 3 but 
detailed descriptions will not be given since I shall not attempt to 
identify them holding only that they are not Lanmrckhna. They are 
clearly not one species and none of the specimens can be safely 
matched with the sheet of Michaux's. Some of the specimens have 
important associations with dates and with locahties and these will 
now be considered. 

In the Lindlc}' Herbarium of Cambridge University are two 
sheets of the years 1827 and with references to Douglas, This 
w^as David Dougla$ (179®"^834) who in tK23 was sent by the 
Horticultural Society' to collect in America. He was in Rio in 
1824, British Columbia in 1S25-271 CaJifornia 1830-32^ and on the 
Fraser Ri%er 1832-33 (Britton and Boiilger 1S53). The sheets bear 
the initials H* H. J. the significance of which is not clear but a letter 
to me from R. Compton of 1911 states that they seem to refer 
to the garden of the Horticultural Society. The correspondence of 
dates indicates that these plants were some of the Douglas introduc¬ 
tions and the note on the sheet of 1827 “ N.W. America" bears out 
this interpretation. Another specimen in the Lind ley Herbarium 
labeled ** CE. grandiflora H+ H. J. 1S2S,*' with no locality given^ 
from the hea\y pubescence and red papillae is clearly not ^rcJidt^ortr; 
it has the appearance of a cultivated plant. The letter of 191I from 

H, Compton tells of a specimen in the Lindley Herbarium with 
data grown in garden from seed sent by Tate from Mexico 1824 
Compton states that the specimen '' agrees pretty well w^ith Lam^ck- 
Iff ran in sixe^ hairiness, etc., bracts very large^ however, up to 9 cm."; 
this extraordinary length of bracts is far beyond that of LaHrarcJ^iaiia. 
Search for this sheet in the herbarium of Cambridge University has 
not been successful. 

Tliese plants are particularly interesting in connection w^ith 
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Ltndley’s plate of CBniftheta biennis var, grandlflora sn Edwardses 
BoLanical Register, Voi. 19, p. 1604, 1B33. Lindky^s descriprion 
gives little information of importance which together with the 
s>mon)Tny {biennis Linn,, grand!fora Ait., stim^olens Eksf., niuri- 
cata Linn,) shows that he did not recognize the specific differences 
amotig the cenotheras that he mentions. The illtistraliDu (Plate IV,p 
Fig. i) shows a plant obviously of the large-fiow^ered group w-ilh a 
very narrow' lower leaf measuring in the figure about 22.5 cm. long 
and only 3 cm. at its greatest w'idth. Here tlien was a large-flowered, 
narrow-leaved amothera probably hairy, since it was placed as a vari¬ 
ety of biennis rather than associated with grandi^ora which Lindley 
states has " scarcely any hairv’ness." It is interesting that Lindley 
should write “The plant now figured is not uncommon in gardens; 
it is one of the handsomest of a.11 biennials and as eaFily managed as 
the common (Efwthera biennis itself." This remark gives further 
evidence that the plant was not graftdiflora which is not oasih' growm 
and apparently never became in England a common garden plant. 
Since the plants associated wnth the name of Douglas and possiblv 
grow'n in the gardens of the Hortiailtural Societv' in t8^ and 1S28 
are in the herbarium of Lindley it appears probable that they w'cre 
part of Lindley^s conception of an ffijio|/icra i^fcjiwrjr var. ^rundi- 
floraJ' It is clear that some large-flowered^ narrow-leaved cenotheras 
were in cultivation before 1830 and tlvat these were neither biennis, 
grandiflora, nor LejiJitjrcA'/ana. They W'ere probably, at least in part, 
introductions from southern or western North America and pCKssihly 
from South America. 

Next on the list is a specimen of 1867 from Tenby, South Wales, 
apparently collected on waste lands of rabbit buiTOw-s. This speci¬ 
men is interesting for its partiailarly loug narrow leaves, thick stem 
indicating a tall plant, and rough pubescence. It suggests vcr>' 
strongly some of the large coarse species of America and since Tenby 
is a seaport may readily have been an introduction ; it does not have 
the appearance of a cultivated plant. 

In more recent years we have a dear record of narrow-leaved, 
large-fiowered cenotberas on the sand hills of Lancashire, There 
are two specimens of 1905 from the herbarium C. Theodore Green 
cDllected at the nearby stations of Formby and Fairfields between 


370 


£>A VIS-HISTORY OF fENOTHERA. 


LivfirpcK>l and the River Ribhle. These specimens are similar and 
have long narrow leaves thkk stems and a heavy rough pubescence^ 
They were probably tall coarse plants more likely to l>e introductions 
than garden escapes since they did not have the foliage and trimness 
that makes Lawarckhm attractive for cultivation. 

Finally, there was in igoj another CEnoihera on the coast of 
Lancashire cnllecled by Bailey at St. Anne's-on-thc-Sea and dis¬ 
tributed by him as a narrow-leaved form "of Glnothrra Lamarcki- 
c-ua. I saw a number of sheets of this plant in the herbaria vdsited 
and they are likely to he found in any collection of the Bailey 
CKnothera material from St. Anne's. It was a narrnw-leaved plant 
with buds more slender than those of and Rowers not 

so large. The sepals w^ere red, the sepal ii]is shorter than in La- 
marckiaiia. but ibe pnliescence wras similar. I cannot identify this 
plant with any American species known to me. but there are sugges¬ 
tions in it of western Atnerican renotheras. It wmiild he interesting 
to know whether the plant is a species independent of hicmih and 
Lamarckimtti on the sand hills of I,.ancashire. There is, of course* 
ihe possibility of its l>eing of some hybrid derivation. 

The evidence is clear that large-flowered amolheras other than 
^iVhb/j. grandiflora, and Lamarrkta>w have entered England at vari¬ 
ous times and that some of them were cultivated before 1830. Abo, 
some of the early introductions, previous to 1830^ were at least in 
part from souiheni or western K'orth America anti possihiy from 
South Anterica. These are matters of interest in connection with 
the problem of the origin of (Enaihcra Lamarckutm^ tvhich will now 
he briefly considered. 

T. 4 BLE j. 

SpEcijiEKS OF iViVaaow-LEAv^p LAacE-FLOwiotEU Q-:N'aTii£fiAS fhom British 
Localities, with Pubescence SiuiLAtt in Cmabactis to that or 
Laxakc^kjana asu W]TH Red Pafiluk, 

1S2+ (Eitoik^ra ^randifiora Lam. Grown m ^rden from seed sent by Tate 
from Mexico 1824. (A letter from R, H. Gimpton of igll states 
dial this specimen is In the Lindlei' Herbariiini of Cambridge L'ni- 
versitj, but recent search for it has not been ^uccessfuL) 

1827. N.W* America. Douglas 126. H. H. (Lindky Herharium, 

Cambridge University.) 

CE, Ortmdiflora. H„ H. J. 182®. (Ltndley Herbarium, Cambridge Uni¬ 
versity.) Handwriting of Lindlc>-. 
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ifiaaS. or. juav^tis H. H. J. rfiait, CLindlsy Herharium, 

Canibridifc L'»ivcrsii>\) 

1S67. Herb. Trimes, 187J. Tenhy (Smrth Wa 3 ^is), Burrows. April 1867. 
(Hcrbariump British biuacurn,) 

19D5. hix hcrhario, C. Theodore Green. Frohfteld. July S, 1^5, (Herba- 
riunTp British Museum,) Freshfitld is in [^nrashire, 
igos Ex hcrbario, C Theodore Greeiu Sandhills alouRridc of L, and V. R. 
about Furuibyp Lancashire. C, T, Green. Dale Augitit 7, 1005. 
(Herbarium, Eritiijh Museum) 

1907. (En&fh^ra L^mitrckkna^ narrow-leaved form. St. .Anne’s-on-the-Seip 
West Lancashire. Charles Bailey, igo?, (In the collmionj of 
Charles Bailey at the Umverstty of Manchester, and distributed to 
other herbaria-) 

The Problem of the Orjojn of CEkothera Lamarckiaxa. 

f^r interest in the iirubtem of the origin of CBnotbcra Lamarcbi^ 
amt lias shifted with the passing jfears. It is no lotigcr a matter of 
deep concern to the geneticist when or where LoMiarr/i-tixnir arose. 
The genetical analyses to which this plant has been subjected and 
which are still in progress show clearly that LaittarckiaHa is hetero¬ 
zygous, at! impure species complicated by the presence of lethals 
that prevent the full expression of certain segregates except when 
occasional shifts of the Icthals permit their appearance as is the case 
when uant'lla is thrown. There arc also numerical irregularities of 
chromosome distribution at meiosis which account for several of 
the sports from Z.oHiarc;&r(iirti as in the case of non-disjunction re¬ 
sponsible for lata and several other 15 chromosome variants and 
derivatives of higher chromosome numbers: also, there is the chromo¬ 
some behavior that determines the triploid and tetraploid tvpes. 

As an impure species Lamarekiatta must be regarded as behaving 
like a hybrid whether its heteroaygtius nature l»c in part the result of 
gene mutations of long standing or came about wholly or in part as 
the result of some immediate crossings- I have shown (Davis 1916, 
1934) that from suitable parent stock {(Enolh^ra biennis and O. 
fraHtiscana) it is not difficult to obtain a hybrid, Hco-Lantarebianet. so 
similar to that it is not easily distinguished from this 

spc'cies, in the collective sense, by common taxonomic practice, and 
further that such a hybrid may behave in selfed lines after a manner 
similar to that of Lamarekiana. 

To the student of cenotheras, however, it w’ill always be a matter 
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of interest to trace as far as possible the histor>^ of this reniarkabk 
plant anti of other species with which he works. Some may still 
hold to the hope that Larnamkiana will be found as a wild species, 
local to some part of North or South x 4 merica. This cannot be 
ruled out as impossible and would not change its status as an impure 
or heterozygous species, but I do not think it likely for tlie reason 
that L{nn(irckia^}a does not have the appearance of a wild CEiH3t/icr3. 
The breadth and large sixe of its leaves, the trimness and luxuriance 
of its growth are far from the habit of wild cenothcTas which with 
their narrow' and sitLallcr leaves are character] stically weedy in ap¬ 
pearance. Only one Qinothera, that I know, approaches Lainari:k:i- 
am in these respects and that is w^hich one naturally suspects 

as a possible contributor to its parentage on the hypothesis that 
arose as a hybrid in England« 

The history of the attempts of Gates (1910) to establish an early 
presence of Lamur^kicna in Europe has been one of steady retreat and 
a critical examination of material at Paris has forced me to the 
conclusion that Lamarck did not grow the plant in Paris and did 
not know’ it. The Paris mikterial will be considered in another paper 
vrhere certain conclusions of dc Vries, w'hich I cannot accept, will 
he disatssed. 

A sheet (Plate IV., Fig. in the herbarium at Cambridge Lni- 
versin-^ should, however, be noted although the specimens arc not of 
British origin. It bears the writing CEuothcra gratidiflora, Svidt^er- 
land, J. Dalton there is no date but the sheet is regarded as of the 
early nineteenth ccnhiry. Gate^ {^ 9 ^ 5 ^ P- E5) claims the material 
to be CEftof/icrfl Lmitarckiana^ " the exact counterpart of do Vries's 
race." With this identification I cannot agree for the pubescence is 
of soft hairs scattered on sepals and stems. There arc no red 
papilla on the stem bearing stiff hairs, neither is there the pubernlence 
characteristic of LoJiitfreA'b™. In this material as on many herba¬ 
rium sheets of CEnotherap pubescence presents the best evidence of 
relationships and the pubescence of these specimens is not that of 
LfliwnrtAiofla- The leaves and bracts are rather narrow’ for La- 
mankiam and the sepal tips are not so attenuate. Unfortunately 
mature capsules are not present. This material certainly cannot be 
referred to i-atHarrAiaiia. 
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In my upinion the only date hnnwn for the appearance of La- 
marckkina is that of its introduction to the trade hy Carter and Com¬ 
pany. about i860, stipported hy the excellent specimen of the plant 
(Plate III.) grown hy Dr. Asa Gray in 1862 from seeds sent from 
England. Before 1S60 is a blank since I do not believe that any 
specimen or description of earlier dale can be identiBed with La- 
mtirckiatia^ 

It is, however, a matter of great interest that tiarrow-Ieaved, 
large-flowered oenotlieras wdth pnbescentze similar in character to 
that of Lfimarcktaita were introduced into England and in ciihiii^tion 
as early as 1S30. The evidence for this has been given in connection 
w^ilh the discussion of the earlier hcrliarium sheets listed in Table 3. 
Thus Tate in 1824 apparently sent seeds from Mexico and certainly 
Douglas ill 1827, and perhaps later, from Korth ,Vnicrica. Lindley's 
(1833) conception and figure of an " (Emthcra bkimi^ var. ffrmidi- 
fiora"' (Plate Fig. 1) is probably connected wHth some of this 
material since the s|>ecimens were in his herbarium. Liiidlev ex¬ 
pressly States that '"the plant now %ured is not uncommon in the 
gardens,” We have then excellent evidence that large-flowered 
Oenotheras were in cultivation in England from aljout 1830 on. and 
that this material was not CEn&ihera gratidiflora Solander, They 
were probably a mixture of forms from different sources and of 
different Introductions and the scanty herharittm material left to us 
is not likely to make close identification possible. 

It seems to me probable that Carter and Company obtained their 
material of Lamattk*iaiia in England and from brge-fiowered ceno- 
theras w'hich were evidently favorite plants of the English gardens. 
I do not think that their statement (Floral Afagoshte, Vol. 2, 1S62) 
that the originaL seed of Lamarckkna came from Texas can be taken 
seriously m vi-hich view de Vries and Cates have expressed agree¬ 
ment- That Lindley should have pronounced the plants of Carter 
and Company to l>e fisjiotftcrei Lofnarcklana signifies nothing in view 
of his obviously uncritical knowledge of tEnothera species as shown 
in his account of (Enothtra bicnim var. (fraKdiftora (Lindley 
^^33)' with its confused snionymy, and because the s|>ecimens of 
Lamarck's plant grown at Paris, about 1796, have proved to !>e 
(Emthcra grandifiora Soknder ( Davis I think it probable 
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that Carter and Conipany, strucl; with the beauty and luxunartce of 
some English garden plant or garden escaptp decided to develop it 
as a commerciai venture and that their product l>ecame invested with 
the myth of a Texan origin. 

^^^lethe^ Carter and Company obtained their plant directly from 
an English garden or as a garden escape is not material, but there is 
no evidence that it could have come front the sancl hills of T^ncashtre. 
Granting that Bailey (1907, p. 5) was correct in reporting collections 
of in Lancashire as early as 1881, there is, nevertheless, 

a considerable stretch of intervening years following the time when 
Carter and Company isolated their line somewhat previous to 1S60. 
The records o£ ^jxVhjiij from Lancashire (Table i) show collections 
of r8io-20 (\V. BqrrerK 1825-43 (W. A, Leighton), 1835 (B. H. 
Allen), 1837 (W, Borrer), 1839 (Miss Potts). 1872 (J. H. L.), 
fS// U- Harhord Lewis), 1878 (J. Comber), 1883 and 1S85 (Charles 
Bailey L and there must have t>een many other visits of botanists for 
tlie region has been one of partiadar interest from the time when 
Smith (180G) wrote so enthusiastically of its peculiarities in the 
Englisih Botany.'* It is hardly conceivable that so conspiaious a 
plant as (Enothera Lamarfhitim would pass unrecorded if it were 
present in Lancashire much before 1880. Consequently we seem 
forced to the conclusion that Liimartkiana came to Lancashire as an 
introduction, an opinion held by Wheldale (1913). The readiness 
wdth which Lamarckiatm establishes itself in England as a garden 
escape indicates the probable manner of its introduction into 
Lancashire. 

If Carter and Company obtained their material from among 
cultivated plants of English gardens, or from garden escapes, there 
are permitted abundant possibilities of its being of hybrid origin, 
and its parentage might readily have involved (Eftofhem bieHms and 
some narrow-leaved, large-flowered (Enothera with pubescence sim¬ 
ilar to LQnmrckmna, that is, some species of CEnothera among the 
introductions which we know to have been growm in English gardens 
about 1S30 and later. The degree of success is'hich I attained in the 
symthesis of my plant neo-Lamarckwna (Davis 1916, 1924) from 
/rdwcijftiHa X ^fCJi iirj suggests such a possible origin since fran- 
fisctina is one of those tvestem American species narrow-leaved and 
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large-flowered and with pubescence similar m character to that of 
Laniarckiana. 

Finally it mmt not be forgntten that in keeping the name La- 
iii^rckmna for the plants of de Vries we do not refer to CEntXhera 
LaiMQrfkiam Scringe^ 182S, which is a synonym of (Enothera grundi- 
fior^ Solander, 178^, {(Enothcra gramii^ora “ Aiton*'). The incor¬ 
rect identification by Lindley of the materlaS of Carter and Company 
lias invested a commercial prodacE with a name that has passed into 
the synonymy of CBnotheta Solander (Davis tgiat). 

The association of the name Latnarckiana with the plant of Pro¬ 
fessor de Vries's life-long research has firmly established the name in 
extensive literaturep bwt we should always think of the species as 
(Enothera Lamarckhna of de Vries> a species of permanent hetcro- 
^ygous TOnstittition. 

SomM ARV* 

The evening primrose upon the sand hills of Lancashire in 1S06 
was (Enothcra bkunts Liniiictts and not (Enotkera LamarckiaWs a3 
claimed by de Vries and Gates* This ts established hy sfiecimcris in 
Smith's herbarium of the Ltnnean Society of Ij)iidon ( Plate IL, Fig. 
i). From these specimens or similar ones Sowerhy drew* the figures 
( Plate L) wrhkh accompany Smithes description of CEnotkera bknnis 
in the English Botany/' 1806, 

Material in British herbaria (Table 1) gives a clear history of 
rather frequent collections of biennh from Lancashire, following the 
interest amusecl by Smith'^s (1806) account in the English Botany/' 
The plant known to Don (1S32) and to Baxter <1839) was also 
^icjpiu>. Nat until recent yearSp after iSSo, have w^e any records of 
Lamarckkna in Lautashire as discussed hy Bailey (1907) atid 
WTieldon (1913). Evidence is clear that biennis was grown in 
English gardens for more than a century' previous to iSoo. 

(Enoihera grand ift ora Solander has never established itself in 
England, probably because the summers are not sufficiently w'arm, 
British herbaria liave almost nothing that imy safely be identified 
as grandiftara. Certain sheets, incorrectly named, refer to narrow^- 
leaved, large-flowered oenolheras with pubescence similar to that of 
Lamarckima (Table 3)* Sims's (En&ihera grandiftora B, Pu- 


376 


DAVIS—HISTORY OF CENOTHFRA. 


Ijescent Great-flowercd CEnolhera(iHigJ was not ^andiftora^ 
which is almost g1a6roiis^ but possibly some associated form such as 
arc known to groiv in the southern United States. 

CEnotItcra LatiK^rckiana is now widely cultivated in Englandp 
having taken ihe place of bL-nnis in popular favor. It may fre- 
tiuently be accii as a garden escape. The most extensive wild stands 
are on the sand hills of Lancashire* From ohservattons of Bailey 
(1907) it seems probable that Lamarrkbuia has been in f^ncashire 
since 1880, hut there is no herbarium evicknee of its presence in this 
region l>efore Bailey s collections after i^OOr The frequent collec¬ 
tions of CKnothera material from Lancashire (Table i) from 1S06 
to the time of Baileystudies present no Lamarcktatta, only tmjiHjj. 

As shown hi Table there is very' little herbaritim material in 
England that may safely l>e identified with (En^thera Lamtirckhm. 
and none of this is of earlier dates than lS6o, at about which time 
Carter and Company placed LawarrittiEiJia on the market. Of espe¬ 
cial interest is ihc sheet in the Gray Herbarium of Harvard Univer¬ 
sity (Plate IIL) with material grown by Dr. Asa Gray at Cambridge^ 
Massachusetts, in 1862 from seed sent by Thompson of Ipswich, 
England, This sheer is offered as holding the oldest specimens of 
Lantar^kiMd known, possibly not more than one or two generations 
removed from the cultures of Carter and Company. 

It is my liclief that de Varies and Gates ha%'c failed to present 
satisfactory evidence fur the existence of Luimtrcktiitta previous to its 
presentation by Carter and Company about i860. In another paper 
I shall present the results of an examination of material in Paris and 
give further evidence for my conclusions that La march'.s plant w^as a 
form of CEnofh^ra grandiftora Solander, and that other material of 
this perkwJ including a specimen of Miclmtx's, l>elieved by de Vries 
to be Lamar^ktana, cannot he so identifted. The plant on a sheet in 
the herbarium of Cambridge University^ (Plate IV, Fig. 2) of the 
early nineteenth century with the w riting (Enathera grandiflora, 
Switzerland, J. Dalton," claimed by Gate^ (1915. p^ 15) to be Ld- 
marckiana. cannot be this species Ijccause of its pubescence of soft 
liairs together with other charactera. 

There is clear evidence in British herbaria (Table 3) of the 
introduction Into England as early as 1S30 and at later dates of cer- 
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tain narrow-leaved^ large-flowered cvnotheras with piil}escence sim¬ 
ilar in cliaraclcr to lliat of Latimrckiaim and with red papilla. Of 
particular interest are introductions from America by Douglas, estab¬ 
lished by sheets in the Lindicy Herbarium of Cambridge University. 
These plants probably were connected with Lind ley *s conception of 
an (Eiiothera biennis var. gfandiftora^^ (^^33), the figure of which 
is reproduced in Plate IV., Fig. i. Other plants of this general type 
have appeared in Later years {Table 3), but it is a matter of great 
interest that large-flowered cenotheras, other than ^fiVwinV, grandtflora 
and Lamarckiana, were cultivated in England before 1S30, and that 
some of these introductions were from southerti or western North 
America, one or both, and possibly from South America. 

^Vith respect to the origin of (Enothera Lmmrcbfona it seems to 
me probable that Carter and Company about 1S60 obtained their 
material from some garden of England or from some garden escape* 
h h hardly possible ihat it could have come from the sand hills of 
Lancashire since the evidence is strong that Lmnarrkiana reached 
Lancashire much later as a garden escape. If Lantarckiana arose in 
England there are permitted many possibilities of its being of hybrid 
origin and its |>arentage might readily have involved (Enothcra frreu- 
ji£f and some narrow-leaved^ large-flowered cenothera with pubes- 
cence similar to that of that is+ some species of tEno- 

thera among the introductions known to have been grown in English 
gardens about 1830 and later. The degree of success attained in 
the synthesis of (Enoihera neo^Lainarckiana (Davis 1916, 1924) 
from franeiscana X f'/cjuiij is suggestive of such a possible origin, 
since frandsfana is one of those western American specieSp narrow- 
leaved ^ large-flowered, and with pubescence similar in character to 
that of Lantarckmna. 
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PREDICTfON" OF THE SPECTRUM 
OF THE COSMIC RAYS, 

Ev MONROE B, SNYDER, 

One of the most irnportant results of Millikan’s discox^ery of the 
reality and absorptive character of the cosmic rays is his additional 
discovery "that these highest frequency rays are not homogeneous, 
but have a measurable spectral distribution.” ^ It ig this fact of a 
cosmic ray spectrum, with definite “lines.” that has suggested the 
use of my theory of the nature of these rays for the prediction of the 
“lines” or "peaks” of absorption that should be observable in the 
band of th^ highest frcquencj- rays. By use of the principle 
that those limiting X-ra^'s of the K-series vary' in absorption with 
the inverse fifth power of the atomic number, I have already shown * 
that the ultimate element of atomic number 143 produces by its 
explosive transmutation a highest radiation whose mass absorption 
coemdent per meter of water is .1791. and closely approximates to 
the Millikan obaervation of .18 per meter of water for this most 
penetrative cosmic radiation, I also found that Millikan's obser* 
vation of the softest cosmic rays of an absorption of 0,3 per meter of 
water was produced by the exploding element number 129. whose 
theoretical radiation has an absorption of ,2997 P®r meter of water. 
The close agreement of these theoretical v-alues with Dr. Millikan's 
observation suggests that it would be worth while observational|y 
to locate the other 13 lines* due to atoms between numbers 143 
and 129, as shown in the accompanying table. Here are presented 
all the mass absorption coefficients of cosmic rays produced by 
atoms from number J43 to number lo6. Columns I and III of the 
table state the atomic numbers of the radiating elements. Coltimns 
[I and IV state the corresponding line radiations in terms of their 
mass absorption coefficients per meter of w^ater. 

' Millikan, ScmKt, Nnvcuiber Jo, 19*5, p. 44,6. 

• “Universil Atomic Volcaaism and the Dttimate Atoiti," Proe. Anur, PhU> 
Soe., 1926, 65, 170-1^2, 
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Table of Cosmic Ray Lines." 
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In the netv work proposed by Dr- Millikan * of tracing out the 
cosmic ray band on the highest mountains of Bolivia, it does not 
seem likely that he can improve his already remarkably accurate 
value for the absorption of the cosmic rays of highest penetration. 
But since softer cosmic rays may be verified on the higher mountains 
of Bolivia than those observed on Mount WTiitney it seems likely 
that the observ'ations may be extended in fhis direction. The 
table shows softer "“lines” of absorption than it seemSn from present 
knowledge, possible to observe anywhere on the earth's surfaccp 
The highest absorption cxieflicients predicted in the table are 
electroscopically observable^ but thus far these lines are beyond the 
reach of any spectrographic record. As a series of line radiations 
of highest frequency and penetrative energy generated in ihe stars 
this uppermost cosmic ray spectrum of Dr. Millikan assumes 
boundless importance. 

■ July 16, 1936, Supplement, p- viii. 
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THE HEALTH WORK OF THE LEAGUE OF NATIONS.^ 


Bv ^^ICTOR G. HEISER, 
iRfod February 4^ 

One of the great achievements of modern civilization has been to 
prc^i'cnt the transmission from country to country of communicable 
diseases. With increasing knowledge this has become more effective, 
until now, through the health work of the League of Xations, it has 
reached a high point of development. Thb branch of activity of the 
League of Nations is in realitv" a continimncc and enlargement of the 
objectives of internatioiml sanitary conventions that have been In 
existence for many years. 

Nations have sought to safeguard themselves largely through 
regulating maritime commerce. Tt is a ver>^ general belief that the 
health of Europe and America has been seriously menaced by the great 
unwrashed hordes of the Orient. Apparently little thought has been 
given to the fact that at times the diseases of Europe have caused 
serious consequences for the people of the Far East. For instancOp 
when Captain Cook and other intrepid explorers made their vo^^ages 
to the South Seas, they took with them tuberculosis, smallpox» 
syphilisp gonorrhea, measles, and other diseases which were entirely 
unknown among the islanders of the South Pacific. The havoc 
wrought by the importation of these diseases stands among the great 
disasters of historvi The unfortunate island people have suffered 
terribly through their contact with western civilization. They have 
been almost wiped out by the diseases which were introduced among 
them. An obligation therefore appears to rest upon our civilization 
to help control a situation that threatens a complete extermination of 
such a race as the Polynesians, for example. 

In the days before tiansmission of disease was understood, it be¬ 
came empirically knowm that communicable diseases could Ik largely 
avoided by detaining infected persons in isolation for sufficiently long 
periods of time; forty days was regarded as a safe periodp and from 
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that the word “ quamntiiie " derives its origin. In the beginning, 
sanitary conventions were usually made effective betivcen two coun¬ 
tries. Gradually it became ap^jarent tliat a group of countries eould 
act to better advantage. For instance, when the Suez Canal was 
completed, it was obvious that all traffic from the East would have to 
pass through this very narrow neck of water. A veritable funnel 
was creaced into which a large pan of the earth's populatton might 
pour its disease. By taking precautions at the entrances to the Canal, 
Europe could largely be safeguarded. An international quarantine 
seHidee was established at Suee, The United States was loosely 
affiliated with this organization. In order to handle the trafficp sta- 
tiDns were opened at Port Said and Suez, For ships that required 
detention of passengers, a gigantic quarantine station was installed 
at El Tor, with a capacity for quartering several thousand persons at 
a time. 

Another development to contro-l the international movement of 
disease came when sanitary safeguards were thrown around huge 
religious pilgrimages. It is an established fact that movements of 
large numbers of peoplcp particularly fanatical religious groups, have 
been an important factor in spreading disease throughout the world. 
Prior to the World War, in order to save Eurq|je from diseases of 
the Near East, an international sanitary committee was established at 
Constantinople, which prescribed certain precautions, particularly in 
connection with ships. As knowledge in the prevention of disease 
increasedp it Ijecame obvious that sanitary conventions would require 
more frequent revision. But it was difficult to have adequate inter- 
nadonal representation at sanitary' conferences, because the delegates 
usually had to be chosen from among the active administrative health 
officers, and they could not spend the many weeks away from home 
that w'ene required to revise a convention+ 

With the advent of the Health Section of the League of Nations, 
W'orkable machinery was provided which made it possiblet through the 
health representatives of tlve various nations stationed at Geneva, to 
exchange opinions and wrork out solutions w'hkh could be presented 
at an international sanitary convention. In view of the varying 
needs of the countries and the constantly increasing scientific know¬ 
ledge, it w as difficult, even w ith the improved machinery of the League 
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of XatioTis^ to fomiiilate a convention which could have the adherence 
of all the countries of the world. It is obvious that under the old 
method emplo^-ed before the existence of the Lea^e, it would have 
been almost impossible to work out a convention that could have had! 
general approvaL As soon as the Health Section of the League of 
Nations was established, it concerned itself with this matter. And it 
¥ias largely the data collected under auspices of that body which 
enabled the International Convention held in Paris bst May to arrive 
at an agreement within a month. 

But the Health Section of the League performs many other im¬ 
portant functions. Soon after it came into existence in Europe 
WTis confronted with the serious menace of tj'phus fever spreading 
from Russia westward. In the disorganized Europe that existed 
after the armistice^ no one country was in position to establish the 
sanitary safeguards which were necessary in order to control an 
epidemic of such huge proportions. As the League could act for all 
of the countries directly concerned^ an organization under its auspices 
was <ju]ckly perfected, which established disinfestation stations along 
the Russian border'and Europe was saved from a serious invasion 
of typhus, no doubt largely because of the excellent work done. The 
United States iinquestionahly benefited very greatly. Had Europe 
become seriously infected, wc should have been compelled to under¬ 
take precautions on a very large scale. It may not be cut of place to 
mention ip passing that all of the coimiries belonging to the l^eague 
of Nations, including Japan, China, and even little Siam, and other 
countries not menaced, paid their share to control an epidemic, that 
Europe might he saved from invasion i and we—a great rich, power¬ 
ful nation—enjoyed the benehts of this work and made no contribu¬ 
tion. 

Soon afterward, as a result of the w*ar betvreen Greece and Tur¬ 
key, thousands of Greeks were expelled from Turkey. It was not 
long before a severe smallpox outbreak occurred among the refugees. 
It WBS obvious that if Greece should become thoroughly infected with 
smallpox, the infection would in all probability spread to Europe. 
Again the United Slates would liave been seriously threatened. 
Here was another task that obviously tio one country could undertake 
for itself. It w^s perfectly apparent that the surest wrj to safe- 
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guard Europe would be to vaccinate the population of Greece^ Again 
no nation could make such a proposal to a sovereigti country. The 
League of Kalions stepped in and offered its services^ which is'ere 
accepted. And owing to the extensive vaccinating done in Greece 
under League auspices^ the epidemic was quickly brought under 
control and Europe and America were again saved. 

The enormous extent of the traffic on the Danube is well known. 
Many countries tiorder on this great artery of trade. The multitude 
of conflicting quarantine regulations of the different countries proved 
most embarrassing to commerce. Through the interventiou of the 
League of Nations a set of uniform rules and regiilatLons was adopted 
by the interested countries,, which protects them as well as may be 
against invasion of disease, and places the minimum restriction upon 
commerce and international passenger travel. 

Upon the request of the countries of the Far Easr^ the League of 
Nations made a study of the possibilities of disease control through 
better International action. This finally resulted in the establishment 
by the interested nations of headquarters at Singapore, of which the 
primary object is the collection and dissemination of data relating to 
the dangerous communicable diseases. Such free Interchange of in¬ 
formation has made it possible greatly to improve the quarantine ad- 
mintstration and to give timely notice of impending dangers, 'fhe 
office is conducted as a branch of the League of Nations in Geneva. 
Telegraphic repHirts are received at Singapore from thirty-nine coun- 
trieSp which are freely reporting their dangerous communicable dis¬ 
eases. To a very large extent suspicion and retribution have been 
replaced by confidence and common-sense action. 

One of the modern means of dealing with disease Is through the 
use of vaccines and serums commonly known as " the biologicals.” 
As each country has been working more or less independently^ a set 
of diverse standards has resulted. This has caused great confusion^ 
For instance, a diphtheria antitoxin unit valued at i in Germany 
would be valued at 67 in the United States and at 2,500 in France; 
and still other standards are used by other nations. It is obvious that 
a doctor studying the reports of a foreign physician must be a 
mathematician; and if, as is frequently the case, he is in ignorance of 
what particular country's vaccine or serum is used, he is greatly 
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handicapped in his study of disease. A uniform standard seemed 
desirable—but how wes it to be obtained? Here again the Health 
Section of the League of Nations showed its \alue by appointing an 
international committee, which made thorough research into the 
matter; and it is hoped that in a short time a uniform standard will 
be adopiedp thus eliminating the confusion which has existed in the 
past. 

If disease is to be dealt with intelligently, accurate bookkeeping 
of its incidence is necessaty^; it is obvious that %Htal statistics are es¬ 
sential in making comparative studies. Until recently^ almost ever>' 
country- had a different system for reoording such datap so that com¬ 
parisons were more or less impracticable* The League of Nations 
called a meedng of representatives of tlte variom interested countries, 
who sent their statisticians. After a study of the matter^, a system 
vi-as demised which will make uniform international adoption possible. 
The importance of using the same cla^thcitLOn can scarcely be esti¬ 
mated. For instance, lE was found that certain forms of cancer are 
apparently twice as prevalent in Great Britain as la Holland. The 
inerc fact that attention has been brought to this matter will stimulate 
research, for there must be some good reason for this difference. 
Many other important data are in the process of being revealed 
through this uniform system of reporting. 

Another outcome of the statistical meeting has been the establish¬ 
ment in Geneva of an office of epidetniological intelligenoep ivhich 
collects data with regard to communicabk diseases from the entire 
world and issues weekly bulletins. Member nations that are in the 
direct path of an oncoming disease are promptly notified by telegraph 
and thus are able to take timely pfi^utions. In the past there has 
been all too much effort on the part of many countries to suppress 
news with regard to outbreaks of quarantinable disease, thus un¬ 
necessarily menacing other countries. The free interchange of 
knowledge which is now on a fair w-ay toward accomplishment will 
no doubt do much to improve the control of these diseases. 

Another activity' has been the establishment of an interchange of 
sanitary personnel among the different countries. By this is meant 
that the League of Nadons invites one or more health officers from 
various nations, organizes them into a group, and sends them to other 
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countries to study the hedth measures employed. This lias had a 
most stimuktin^ effect- Countries ttiat have good health depart¬ 
ments have been glad to show their work; those that have not been so 
fortunate have been stimulated to do something better. The free 
interchange of opinions which lias occurred amor^ the various health 
officers frequently results in improved measureSr The travels of 
these International groups have also brought about much newspaper 
publicity', which in itself has been for the advancement of public 
health. Many of the countries feel that their prestige has been en- 
hanced by fiaving foreign officers visit their work and report upon 
their activities. 

The League has also made a study of the sanitary organization of 
many countries in the world and has published the results. This has 
made It possible to compare the health administration of the different 
countries, and those that were found backward have been making re- 
new'cd efforts to improve their health measures. The maps which 
have been published, showing the extent of disease Incidence, have 
bad a most salutary effect- 

The United States has always taken a prominent part in an effort 
to bring alx)iit suppression of the use of habit-forming drugs, notably 
opium and coci^aine- Those especially interested, however, soon found 
that the League of Nations was the logical means to employ, if they 
wanted detailed infomiation^ or an internationa.! conference, or inter- 
nadonal action. And already two opium conferences have taken 
place under League auspices. 

A large part of the Central African continent cannot lie developed 
successfully^ on account of the prevalence of sleeping sickness, and 
this is a vntal problem to numerous nations. Need for international 
action is again obvious. A combination of effort promises the great¬ 
est hope of finding satisfactory measures for control, and the League 
of Nations has been asked to nominate an internaHonal committee to 
deal wdth this matter. 

Encouraged by the success w^hkh has followed internaHonal action 
in the control of yellow fever, the League of Nations has directed its 
attention to the possibility of performing a similar international serv- 
iK in the control of cholera. For some years now experts have tieen 
giving this disease serious consideration, and a number of researches 
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h:\xt already been made. In view of the very large number of coun¬ 
tries in whtch cholera pre\^ilSj intemattonal action will be required if 
a imiform plan is to be agreed upon. SpedaJ studies ate being made 
on certain phases of cholera. The results of these, combined with 
findings made in other places^ may make it possible to devise a hope¬ 
ful plan for controlling the disease* There is much reason to believe 
that from lime to time cholera recedes to a few endemic centers, and 
when enough knowledge is available with regard to the disease, it is 
hoped to extinguish those centers and dear the world of a menace 
which has caused the loss of so many lives. 

One of the great advantages of having an international office at 
Geneva is that it provides a storehouse where the world's knowledge 
with regard to the control of disease can be assembled and where in¬ 
vestigators can find data and facilities for study. No one country, 
without the expenditure of huge sums of money—^nd even then the 
outcome would be very doubtful—can have such a library of infor¬ 
mation as is gradually coming into existence at Gene%^. Comparing 
data such as have been acoimulated there has already brought forth 
some very significant observations. For example, in the United 
States we are rather prone to pride ourselves on the high state of our 
achievements in the field of disease prevention, yet comparison of 
records shows that the United States ranks with the most backward 
countries of the world in maternal death rate. It is three times as 
dangerous to be a mother in the United States, for instance, as in 
Denmark. The mere fact that it is possible to make such statistical 
comparisons will no doubt result in renewed effort^^ in the United 
States to bring dowm the death rate from maternal mortalit)\ the 
causes for w-hich are largely preventable. Again, a study of the 
records has shown tliat hookworm disease is largely exported by one 
country, from which perhaps a million or more laborers emigrate 
yearly. Instead of tiynng to mop up the disease after it has been 
spilled all over the world, it would be a simple matter to control it at 
its source. In other words, if emigrants leaving an infested country 
were treated with an effective hookw'orm remedy, the export of the 
disease would be largely stopped; but w'hal is everytMiHly’s business 
is nobody's business, and consequently the dissemination goes on. 
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The Leai^e is obviously in position to draw attention to a matter of 
this land and no doubt cooperation could be had. 

Probably imbria ranks among the most important preventable 
diseases in its ultimate effects and in the economic loss it entails. In 
India^ for instance^ over a million people die annually of this malady. 
And even here in the United States the number of deaths for which 
it is responsible, and the time lost by illness^ with the resulting eco- 
nqmfc losses^ are stupendous^ Every year our Southern States suffer 
frightfully, and it so happens tliat malaria reaches lt$ peak in Sep¬ 
tember, which is precisely the month during which the cotton crop 
has to be picked, and the period during which the lumber activity 
reaches its greatest height. We have* therefore, through this dis¬ 
ease, the minimum labor at the time when the maximum work is to be 
done, with the resultant unnecessarily increased cost of production. 
Malaria is receiving attention in many countries of the worlds but 
through lack of cooperation and knowledge of what is being done in 
these countries, many unnecessary experiments are being made. In 
order to assemble the world's knowledge in this matter^ the League 
has ap|x»inted a malaria commission^ which is making studies of the 
disease in Europe, the Xear East, the Orient, and the United States. 
It is reasonable to expect that when the data are assembled, more 
effective measures will r^ult and much unnecessary cxperCmenting 
can be avoided. 

Inquiry' developed the fact that all remedies p>roposed for rnalaria, 
with the exception of quinine, had little or no effect in the cure of the 
disease. It was further shown that one country had gradually ac¬ 
quired a monopoly in tlie production of quinine, that the cost had ac¬ 
cordingly risen over 200 per cent, and that in the absence of comped- 
tion the chances for a reduction in price were not promising. Liter¬ 
ally thousands of live5 could he saved, if the cost of the drug could 
be reduced. The League focused attentiou upon this matter. Steps 
are being taken by Italy- to grow' its own quinine in Africa and Java. 
The British renewed their efforts to produce quinirie in India. Re¬ 
search laboratories began work to discover, if possible, a symthetic 
drug; to accomplish what quinine does+ Within the past few months 
one of Germany's laboratories has announced the discovery of a drug 
that gives promise of being better in many respects than quinine itself. 
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It appears to be more effective than quinine in benign terdan imlaria^ 
and to kill the gametes in the blood. The latter is most important and 
may have great bearing in controlling the spread of the disease. 
When patients treated with quinine are not completely cured, they 
often ser\^e as reserv'drs of malaria from which Anopheles mosquitoes 
receive their infection and spread the disease. If the new German 
preparation, plasmochiti, kills the gametes in the human blood, a 
great source of potential infection will have been eliminated. 

The foregoing are only some of the activities in which the Health 
Section of the League of Nations lias been engaged. There arc many 
more that time does not permit me to describe in detail. Studies are 
being made on infant Tnortalit>% tuberculosis, cancer, social medicinep 
means to improve health administration in many countries, the mini¬ 
mum requirements for the education of health officersj and many 
other matters that concern the welfare of mankind. But important 
as are all of these efforts, there are by-products of the Health Sec- 
tion''s work, the aggregate value of which bids fair to promote the 
peace and happiness of the entire world. The interchange of health 
officers among some forty countries has set up an international com¬ 
merce it! ideas that no customs barrier can interrupt. The mutual 
friendship and understandings that have resulted from these visits 
have already been important factors in interpreting the better qualities 
of one people to another. The exchange of sdendRc knowledge may 
eventually lead to the same method of analysis being applied to settle 
the ordinary differences among nations, and wdien that happy day 
comes, reason will replace hate and prejudice, and the well-being of 
the people throughout the earth will be greatly promoted. 


BEHAVIOR OF ORGANIC BASES TOWARD SOLUBLE 
TUNGSTATES." 

Ev EDGAR F, SMITH. 

{Read 4, /p^,) 

In 1861 SchttblCT,^ in his dassic paper on tungstates, alluded 
briefly to the precipitation of tui^stic acid from solutions oi the 
5; 12-sodium salt (sodium paratungstate) by means of a slightly 
acidulated solution of quinine sulphate. The results showed that the 
procedure was quantitative in character but Scheibler withheld his 
recommendation of the method because the resulting ignited tungsten 
trioxide was never yc/fow in color, but had a greenish hue. 

This was the first attempt to introduce an organic base as a 
precipitant of tungstic acid. Some years later Allen Rogers, work¬ 
ing in this laboratory', found that benzidine precipitated tungstic acid 
completely from solutions of normal sodium tungstate NajWO*-' 
2H,0). And, thereafter, v. Knorre published an interesting com¬ 
munication on the use of benzidine chloride, in the determination of 
the tungstic add content of sodium paratungstate.* It would seem 
that V. Knorre also used toliditte with success and expressed the hope 
that by these predpitants the separation of tungstic and phosphoric 
might be realized. However, a silence, not explained, fell upon 
these recommendations. 

In the meanwhile, Tschilikin ♦ recommended the precipitation of 
the tungstic add in sodium tungstate (NajO-WOi-aH-O) with 
alpha-naphthylamine, asserting it to be a reagent as valuable and 
efiicacious as the bases employed by v. Knorre. Further, he analyzed 

r Coiitiibution from the John Harrisor Laboratory el Chemistry. Uni¬ 
versity of Pennsylvania, Phitadelpliia, Pa. 

s/r, prakt, Ch., 83 ti86l), p. 3158, 

*Tiie s; la-iodiiiin salt,—5Na:O'l2'\V0i-l-aSHsO, as described in the Z. 
fir anutyl. Chemif. 47, 371 38 (ittos), 783, 

43 . 1302 (iw). 

to 
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the alpha-nEkphtliylamine tungstate obtained by him, and from the 
results deduced the formula 

which doubled would he; 

4(Q,H,N,)-ioWO, + 6H,0, 

analogous to Wolcott Gibh's 4: lo-^odiiim and for reasons 
known only to himself Tschilikan also analyzed v. Knorre's benzidine 
tungstate, getting beauti^ul results confirmatory of the ratio two of 
base to five of tungstic acid, Or the ratio 4:10, confirmatory abo of 
the ratio of the salt 

4KjO-ioWOs + Aq., 

as deduced hy Wolcott Gibbs, These wer^i most gratifying observa¬ 
tions in view of the doubt cast upon the ratio 4: lO as existing be¬ 
tween sodium oxide (NajO) and tungsten trioxide (WOj), al¬ 
though proof of the existence of the same ratio had been given by 
others.® 

The thought suggested itself that it might be wtU to apply various 
organic bases to solutions of different soluble tungstates. In the 
work described in the preceding lines it was mainly with common 
insoluble tungstic acid, as found in normal sodium tungstate and para- 
sodium tungstate with vrhich the analyst dealt, although in the para- 
salt it is now known that the common insoluble acid is associated with 
soluble or meta-tungstic add-* Hence* solutions of normal 
para- (5: ta) and rneta- (1:4) sodium tungstates, as well as am¬ 
monium meta'tungstate, were made up wfith the purpose of exposing 
all of them to the same precipitants. It was accordingly observed 
that benzidine hydrochloride precipitated the preceding salt solutions 
completely in the form of voluminous masses, readily washed by de¬ 
cantation, and when filtered, dried and ignited, gave tungsten trioxide 
perfectly yellow in color. The carbon burned away completely and 
with ease, leaving no trace of green in the residue, 

* S« Jr. Am. CA. 44 (1922), 202®. 

^ Chemical CXXIX. (1924), p, rt seq. 
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Two detetitiinarions with sodium para-tungstate (5Na,0‘i2W0j 
-haSHaO) resulted as follows: 

(fl) 1.034S gram salt ga\re 77.35 per cent WOj, 

(i^) O.S699 ^am salt gave 7747 per cent WOj> 

while the calculated percentage of tungsten hrioxide in the salt is 
77-37 WO|. The precipitant employed was ti^nzidine 

ac^tat^- It was added to the cold tungstate solution^ equaling 250 cc. 
in volume. The fiocciilent benzidine tungstate subsided promptly 
after the addition of a slight excess of the precipitantp and was coU 
lected upon a filter and then washed with dilute acetic acid. The dry 
precipitate and filter w*ere ignited together* The ignition w'as easy; 
the residue wnas lemon yellow in color* 

Parenthetically it may be stated that moLybdic acid was ^ho 
qtiantitatively precipitated by benzidine acetate. 

A solution of pure ammonium ineta-tungstate w-as prepared^ every 
5 cc. of w^bich contained 04110 gram of tungsten trioxide* On 
precipitating two simibr portions (3 cc* each, diluted to 250 cc.) 
with benzidine acetatCp filtering out and washing the benzidiiie meta- 
tungstate with acedc acid, igniting to WOj and W'eighing. there were 
obtained: 

(1) 04118 gram WO^, 

(2) 04105 gram WO^. 

In these precipitations the benzidine acetate was introduced from 
a burette, drop by drop, under vigorous stirring. The benzidine 
meta-tungstate subsided quickly. The reaction was so sharp that its 
end could readily be noticed- Thus, for each of the 5 cc. portions of 
meta-tungstate solution, 6,2 cc. of the benzidine acetate were required. 
This interesting deportment may yet be developed into a volumetric 
procedure. In an additional case another portion of ammoniujn 
meta-tungstate solution, S cc. in voIumCp was diluted strongly with 
water and heated. The volume of benzidine acetate required for the 
complete precipitation was 6,6 cc. The precipitate Avas permitted to 
stand over night; removed by filtration, washed and ignited. The 
residue weighed 04og6 gram WO*, slightly lower than the theoretical. 

These examples show conclusively that meta-tungstic acid is fully 
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precipitated front s^o1ution:s of its soluble salts by benzidine^ Of 
course^ this was supposed to occur* as the total tungstic add m the 
sodium para-salt had been obtained on using this reagent. 

It was further noticed that dni/fne hydr&thii^ride did not precipi¬ 
tate solutions of uormal sodium tungstate and ammonium meta- 
tungstatCp but in a 5: solution it produced a whitep curdy mass 

which seemed to be quantitative. However^ the following singular 
deportment must be mentionedp viz.: if the 5; la solution had been 
boiled and the kydr^ddoride then added, there was no pre¬ 

cipitation. The fact that aniline hydrochloride hod precipitated the 
5: it-salt solution in the cold^ and noi after it had been boiled* surely 
indicates an hydrolysis of the salt 5:12 into 1: i and i: 4^ neither of 
which when alone had been precipitated by the aniline hydrochloride.^ 

A second attempt was made with a cold 5: t2 solutionp but the 
precipitation was not complete* as the filtrate was blued by contact 
with Zn and HCl. 

It developed that Q~To!mdino Hydrochloride precipitated normal 
sodium tungstate, ammonium meta-tungstate and the 5:i2-salt in¬ 
completely; at least, all the hltrates were turned blue on exposure to 
the action of metallic zinc and hydrochloric acid. 

On adding pyridwc hydrochloride to a solution of normal sodium 
tungstate (1:1) immediate precipitation did not occur; but after 
twenty hours a compound had separated, in the fittrate of which a 
deep blue color appeared on the addition of metallic zinc and hydro¬ 
chloric add. Incomplete predpitadon was also noticed in the solu¬ 
tion of the 5: i2-salt, while in those of the meta-salt (1:4) pre- 
cipntation was immediate and thought to be complete* so that two 
portions of an ammonium meta-solution* each containing in 5 cc. 
0.2019 gram tungsten trio^ide gave 

a, 04955 gram WO* and 04B40 gram WO^, 

The hitrates from these precipitates remained colorless, when acted 
upon with zinc and hydrochloric acid. 

Three additional portions {5 cc. each) of the ammonium meta¬ 
salt solution were treated as before, every care being taken in the 
handling of the pyridine precipitates, which gave> 

^ Chemkd NcivSf. CXXlXr (1924)1 19^. 
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(^) 0.1927 gram WO** 

(fr) 0.1964 gram WOj^ 

(f) 0.1948 gram WO*, 

What caused these varkttons from the theoretical requirements? As 
before* the filtrate showed no color reaction. It had also been learned 
that ati excess of pyridine hydrochloride exercised no solvent or dele¬ 
terious effect on the pyridine meta-tungstate^ and that 20 parts of 
water dissolved 1 part of pyridine meta-tungstate, although tliis solu¬ 
bility was very ntaterially reduced by the presence of an excess of 
pyridine hydrochloride. 

Was the color test (with metallic zinc and hydrochloric add) re¬ 
liable or very delicate? To learn more on this point, 0.2019 gram of 
tungstic acid in the form of ammonium meta-tungstate w-as dissolved 
in 5 cc. of water. One cubic centimeter of this solution^ equivalent 
to O-O404 gram of tungstic acid, was diluted to 50 cc. and acted upon 
with the reducing agents. After an hour's standing* a slight purple 
coloration made its a[^arance- Again^ 5 cc, of the solution in which 
there were 0,2019 gram of had removed from ft [ cc^ — .0404 

gram WO,, and this was diluted to 50 cc, and tested with like result, 
indicating that where not more than .04 gr^ WO, present 
reliance could not be placed on this particular color reaction. 

It seemed to be of interest to subject a portion of the pyridine 
meta-tungstate to a prehminaiy analysis; accordingly, 1,1758 gram 
of the sail w'as dried for a period of four and again of seven hours 
at 100^ C.* when it lost 0.022S gram. The residue and crucible 
weighed 14.2825 gram. After ignition it left 0.9600 gram of WOa 
or 83.26 per cent. Assuming pyridine mela-tungstate to have the 
formula (QH*N)a0^4W0,—the theoretical percentage of tungstic 
acid w'Duld be 84.21 per cent. 

A second portion of pyridine meta-tungstate* treated as the first 
portion, gave how^ever 84.21 per cent WO^ in complete accord with 
the theoretical requiremeut, so tiiat it may be proper to express the 
formula of this interesting body as 

(QH^K ),0 4WO, + 2 H, 0 . 

It seemed advisable to tr>' out the action of quinine sulphate or 
chloride on sodium sails of insoluble and soluble tungstic acid. 
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Using a solution of sodimn meta-tungstate (5 ccl of which con¬ 
tained 0,2026 gram WO^)—there resulted: 

{a) 0.2012 gram WO4, 

( b ) 0.3029 

( c ) 0.2028 gram VVOa+ 

(d) 0.2022 gram 

(e) 0.2037 gram WOj. 

In these trials an excess of quinine sulphate was employed. The 
quinine meta-tungstates were almost snow w^hfte in eolorp whereas 
the precipitates formed in solutions of normal sodium tungstate and 
in sodium para-tungstate were tinged with a f|esh-cobr* The meta¬ 
tungstate in every case left on ignition a beautiful lenwn yellow 
colored trioxide—WO,. 

Two portions (5 ce. each) of the normal salt (i: j) solution were 
precipitated wnth an excess of quinine sulphate from solutions of 
250 cc, volume. The filtration was made after standing two hours. 
The precipitates were washed with cold water containing quinine 
sulphate. The quantity of tungstic acid present in each instance w'as 
0.1700 gram WO,. There was found: 

(0) 0.1704 gram WO,, 

{i») 0.1697 WO,. 

Ffom two other portions, after letting the quinine tungstate stand an 
hour before filtration, there w^ere obtained 0.1686 gram WOj and 
0.1696 gram WO,, Tlie filtrates w^ere not turned blue by action of 
zinc and hydrochloric acid. 

In a third trial wHth the 1: [-salt solutionp allowing the precipitate 
to stand four and a half hours before filtration, the quantity of tung¬ 
stic acid obtained was 0.1700 gram, and upon still another, where the 
precipitate had stood twenty-four hours before filtrationp there was 
found 0.1694 gram WO,h so that the period during which the pre¬ 
cipitate may stand before filtration occurSp may vary through a pretty 
w-ide range. 

In none of these experiments were colorations by zioc and 
acid permitted finally to determine whether the precipitation had been 
complete; on the contrary', an aliquot portion of the filtrate was care- 
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fuUy evaporated to dn-ness and the residue ex^ined for ttingstie 

add. 

Turning to die 5: 13 -salt solution^ it was found on precipitating 
it with an excess of i^iiioiiie sulphate and allowing the same to stand 
for sLx daj^ and six nights before filtration^ that the resulting yellow 
colored WO^ weighed O.19OJ gram instead of 0,1907 gram required. 
AIsQj that in portions which had stood over night the resulting 
tungsten ttioxide weighed; 

(d) 0.1907 gram, 

{fc) 0,1907 gram. 

All these trials demonstrate that tungstic acid in its insoluble and 
soluble form may be estimated by the use of a quinine salt in excess. 
Care must be exercised carefully to wash out sodium sulphate. It 
tends to cling to the quinine salt 

It is established that quinine and cinchonine are similarly con¬ 
structed ; they contain one liydroxyl groups and quinine containing an 
additional nvethoxyl group is therefore uiethoxydnchonine;, and 
cinchonidine i$ probably a stereo-isomeride of cinchonine. Because 
of this interesting relationship of the three basic bodies^ cinchonine 
and cinchonidine were also studied analytically with nonnal, para* 
and meta-salts of the tungstic acid, and omitting the recital of individ- 
ual experiments^ it may be added that they all precipitated the acid 
quantitatively* It w-as to be expected^ yet care must in all instances 
be obsen'ed to remove excessive sodium salts from the precipitates^ 
otherwise the results will be high; this was particularly the case with 
cinchonine and cinchonidine, hence these reagents are not likely to 
be w'idely used in analysts. 

Other observations noted in the course of this study were that 
quinine and cinchonidine precipitate solutions of sodium molybdalep 
while niifon precipitates the latter, as well as solutions of ammonium 
meta-tungstate. Chromatropic add did not affect solutions of normal 
or meta-sodium tungstate. It is also true that salitin is without effect 
upon solutions of normal sodium tungstate;, sodium para-tungstate or 
sodium meta-tungstate. 

The several salts studied in this work were exposed to various 
solvents with the hope that results might follow which would have 
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in dettrniinin^ constitution. Thus* it was obsi?rved that 
benscnc had ilo solvent effect upon anhydrous nornml sodiimi tung- 
state^ sodium para-tiing^tatep ammaniiiTn meta-tungstate or pyridine 
meta-tungstate^ nor was the latter soluble in 

In anilive^ normal sodium tungstate* sodium para-tungstate, 
sodium meta^tungstate and ammonium meta-tungstate w'cre insoluble. 
They beliaved similarly with f^yndinc. Anhydrous normal sodium 
tungstate was insoluble in cutbon dtsulphide. 

SuMSfARY. 

L That the organic bases to w'hich reference has been made are 
good precipitants for the quantitative estimation of the tungstic acid 
content of soluble salts. 

That both forms of tungstic add—the ordinary insoluble acid^ 
and soluble or meta acid^ — ^in their soluble salts, are removed by the 
specified bases. 

3, That the blue color reaction occasioned by metallic zinc and 
h^^drocbloric acid in solutions of tungstates is not reliable when small 
amounts of the tungstic acid are present: that all filtrates from pre¬ 
cipitates should be evaporated to drj^ness and the residues tested for 
tungsten by some more dependable reagent. 

4, Strong evidences are at hand tliat benzidine as chloride or 
acetate may yield a nipid and accurate means of determining tungstic 
add volumetricaUy. 

5, Certain organic solvents w'ere applied to the vartoiis soluble 
tungstates and found to be valueless on the score of solubility „ 


AN INTERESTING BEHAVIOR OF SOLUBLE 
aiETA-TUNGSTATES.^ 


By EDGAR F SitlTH. 

Dt£cmb(‘r 4, 

Vtry Strong proofs - have been presented that such compounds as 
sodiiun t>ara-tungstate or the SMS-sodium tungstate—5Na.O- 
i2WOj + 28H.O; the 4 : n>sodiurn tungstate—4NaHO- roWO^ 
+ sjHp, and the 3: /-sodium tutigstatfr“3NaaOr7WO, + i6HaO, 
—are combinations of normal sodium tungstate (l: i-Na^O-WO,) 
with sodium meta-tungstate or i :4-so<11um tungstate (Na;0-4W0a 
+ loHjO). The 5: fs-salt, the 4:io-salt, and the were 

not only resolved into normal sodium tungstate ( i : i ) and sodium 
meta-tungstate (114)* but were s^mthesized by the union of definite 
amounts of tlie normal sodium and the sodium meta-salts. Every 
chemist is familiar with the strong bask character of aqueous solu- 
ttans of normal sodium tungstate and the diametrically opposite j acid 
nature of sodium meui-tungstate solutions. In the antiquated formu¬ 
lations of chem istry such bodies as 5:12-1 4 : 10- and 3 : y-sodium 
tungstates arose from the union of a verj' basic body like Na^O-WO^ 
with the intensely acid substance— NaHO-qWOa* What would occur 
on bringing in contact aqueous solutions of sodium chromate (NanO-- 
CrO,) and sodium molybdate (NaaO MoO^) with sodium meta¬ 
tungstate ? To answer this interre^tory there were mixed 

First, definite amounts of normal sodium chromate in solution► 
and sodium meta-tungstate. The mixture Vp-as gently boiled for five 
minutes. Soon the liquid Ijccame turbid and assumed an intense red 
color^ due to the production of sodium bichromate. The liquid was 
filtered. The insoluble portiofi was white tuugstk acid. The deep 
red colored filtrate stood over night, and by morning there had sepa- 

^ Contribirtioii f ram the Joha Harrison Laboratory of CHetnialry, Uni- 
vcrjity of Pennsylvania^ Philadelphia, Pa- 
News, p. 198L 
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rated a copious mass of crj^stals. One recnstallization gave them lU 
colorless forms^ strongly suggestive of crystals of the 4: lo-sodium 
tungstate. These were recry'stallized and analyzed^ when they yielded 
water, tungstic add and alkali in accord with the requirernents of tlie 
formula 

4NaP^ lo^VOJ + 23 HsO. 

7779 % 1386% 

On adding a cold solution of ammonium meta-tungstate to a solu¬ 
tion of normal sodium chromate (Na,CrO^) the yellow color of the 
latter slowly assumed a red color. The change* however, w’as very 
rapid on the application of a gentle heat. Just as in the previous 
example, ordinary white tungstic acid separated, and from its filtrate, 
cry'stallizcd colorless forms which* on analysis, gave 13.35 
and 13.65 per cent of w’atcr^ and 77.52 per cent of tungstic acid, again 
indicating tlie production of the 4: lo-sodium salt. 

Would normal sodium molybdate (Na.MoO* + ^H^O) combine 
with sodium meta-tungstate to yield complexes, as did sodium tung¬ 
state (K"a^WO| + sHaO) and sodium nteta-tungstate ? To deter¬ 
mine this point, definite quantities of sodium molybdate and sodium 
meta-tungstate were brought together and their aqueous solution 
warmed, when gelatinous tungstic acid separated, and in its filtrate 
beautiful twinned crj'stals appeared. These w-ere purified- A por¬ 
tion on ansiJysb gave 13.24 per cent 77'5^ per cent WO, and 

9.24 per cent Ka^O (hy difference), which would confirm the pro¬ 
duction again of the 4: lO-sodium salt 

A second portion of the same salt w'as exposed at 250“ C. to the 
action of dry hydrogen chloride to ext^el am^ molybdic acid, if it ex¬ 
isted in the crystalline body. It was not found. These behaviors 
are noteworthy. There almost a conviction that sodluin rao- 
lybdaie, at leastT would yield a combination analogous to 

^ Na ,0 WO, y ^a.O■4^VO,; thus, jf Xa^O-MoO,. y Xa ,0 4WO,, 

but the experiments showed the opposite to be the case. 


AfARTINICHTHVS—A NEW GENUS OF CRETACEOUS 
FISH FROM KANSAS, WITH DESCRIPTIONS OF 
SIX NEW SPECIES. 

Er C. E McCLUNG. 

This IS one of several risrly related genera belonging to no well 
determined family (AlbuHdae, Elopidar, Osteoglossidse according to 
Woodward^ Plethodid^ — Hay; Elopida;, Plethodidse, Albulids— 
Loomis). It has been confounded with the genus Prot&sphyt<Bn^ by 
Cope and Ray because of the presence of a rostnim, bat is, in fact, 
far removed from it. Up to the present time, only fragments of 
the skull have been known, and while the rostral portion indicated 
relations to the genus Protcsphyr^tta, studies made from the occipital 
and parasphenoid region of certain other skulls led Loomis to found 
new genera which Hay regards as synonymous wuth It 

is not possible to determitie with cerlaint)' whether the material before 
me belongs to Loomis^ genus SyiifegmodtiSj, and I am* therefore, 
proposing the name A/arfimV/il^iy^ ^ to designate the genus. I am 
Jed to do this partly because of the indefinite character of the type 
specimen of Loomis and partly because he figures parasphenoids of 
Martinichthys which he describes as belonging to a different genus 
from SyntegtHodus. The descriptions of parts of two crania, with 
numerous vertebra and rostra of seven different kinds* indicating as 
many species, will be given. 

Definition of the Genus Martimehihys ^ — Skull high* rostrum 
short, more or less blunt, sometimes apparently worn on cephalic end, 
varying from slender to heavy in different species. Parasphenoid 
flattened on ventral surface and bearing pits or denticles^ joined 
dorsally to alisphenoid and orbitosphenoid. Interorbital septum 
present Mandible long in comparison with skull. Hyomandibular 
forming articulation with skull by a depression in the pterodc^ Glos- 
sobyal long, flat and apposed to parasphenoid to form buccal null. 

a In hofiDr pf Mr. H. T. Martin oi the Palaconiological Museum, UnlTer$Tty 
pf Kansas, whp li^s Ipng b^n interested in the rp^tni pf this farm. 
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Dentition confined to smaiJ denticles distTibuted over various 

bones oi the mouth. Vertebrae completely ossified, small, delicately 
sculptured, pitted dorsally and ventrally. Fins and tail unknown. 

MARTiNicnTiivs mtvts — m\v species. Specimen No, 497, 
Genotype. 

Craiiiiffn .—The cranium of tlte type specimen measures 140 mm. 
from the end of the rostrum to the occipital condyle and 47 mm. from 
the ventral edge of tlve condyle to the supraoccipital crest. It is 
crushed laterally, and the two hyomandibulars lie against the median 
series of cranial elements. The greatest width in the parietal regiotip 
restored^ is 50 mm. The rostrum, on the ventral surface, is 43 mm. 
long and its greatest width is 30 mm. Its median cephalic surface is 
cleft for about 2 mm; the ventral surface is Bat and covered with 
denticles^ or pits for their reception- the dorsal surface is arched and 
covered with pits or grooves. The caudal edge is irr^lar in out¬ 
line and, laterally, covers a deep groove for the reception of the 
prefrontals. On the mid ventral surface of the cranium, extending 
from the basisphenoid to the vomer, is the parasphenoid, 80 mm. 
long and 24 mm. in greatest width near its caudal end. The ventral 
surface is approximately fiat and pitted, like the rostrum, for holding 
denticles. The articular surface of the occipital condyle measures 
dorsov^ntrally 12 mm. Interorbital septum well developed, as in 
Syuieg^nodus and Anagmius. There is a large orbitosphenoid and a 
smaller alisphenoid, both articulating venlrally with the parasphenoid. 
So far as can be detennined from the specimens at liaod, there is a 
continuous median panidon between the two halves of the skull 
w hich, dorsallyv diverges on each side, fanning a partly enclosed brain 
case, I do not find evidences of a presphenoid such as is described 
by Hay for aiius- The appearances in Martinkhlhys are 

more nearly like what is represented by Lcomis for Synii^gmodns. 

Alandibie. —The mandiLks are represented only by the imperfect 
right mandible showing the articular, connected with the quadrate, 
and the symphysial end, Between these extremities only a fragment, 
representing the more ventral part of the jaw, remains. The articu¬ 
lar show^ a strong dorsally projecting process that passes externally 
to the quadrate. In the region of the symphysis the dorsal edge is 
preserved and this shows a broadened margin covered by small 
denticles. The extreme length is 93 mm. 
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Paiaiine.—A fkt, triatigukr bone, 30x65 mm., lies beside the 
parasphenoid and assists in forming the roof of the mouth. It is 
pitted on the ventral surface like the parasphenoid. The extreme 
width of the parasphenoid and of the two palatines in position would 
be 80 mm. 

Hyoids ^—In this specimen there are preserved the ceratohj-alsi 
ba^ih^raJs^ hypohyals and glossohyaJ^ all in position but crushed 
laterally. The extrcine length of the series in this specimen is So 
mni., of which the ceratohyals measure 43 mm. I'he glossohyal is 
large, deeply pitted dorsally and strongly supported by tbe hypohyal 
ventrally. When apposed to the parasphenoid* of equal length, it 
formed an efficient grinding apparatus. There are no evidences of 
urohyal or of branchiostegals. 

Denticles.—A number of the bones in the mouth are pitted and 
have been described by Loomis as having a covering of a peculiar 
substance, which he calls " osteodeniine.^’ Hay fails to discover any 
peculiar material of this nature, but describes canals extendii^ into 
the bone and also small sand'hke teeth on the ridges. It would ap¬ 
pear from my observ'ationa that there are a number of the mouth 
bones, which are very similar in construction of their external sur¬ 
faces. In the specimen of Mariintchihys hre^is the parasphenoid^ 
palatines, rostriim and glossohyal are thus pitted* and where they 
do not come into contact with other similar bones arc covered with 
small, hollow^ pointed denticles. Where these are broken offp it can 
be seen that their central cavity extends down into the bone upon 
which they rested. Upon the triturating surfaces these denticles give 
way to a ridged and pitted surface which, in life, w-as probably cov¬ 
ered by a corneous and thickened skin. Such dentides appear in a 
number of genera. 

Mariiii ichihys siph hid€S ( Cope). 

tSyy, Errjj'r/if/ic zdphtotdes, E. D. Cope, Bull, XJ. S. Geoh 
Geog, Survey of Terr., IIL. p. S23. 

1S78, FrofQSphyriTtm ^phhidcs^ E. T. Newton^ Quart. Joun 
Geol. Soc., XXXIV., p. 795. 

1S90, Froiosphyri^na ^iphhdeSj J. Felix^ Zeit., Deutsch Geol. 
Gesellsch., XLIL, p, sgy. 
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iSgSv Protosphyraua siphioida, A. S. \Vt>odwarci, Cal. Fos. 

Fishes. Brit, Museum, III., p. 4 I,V 

igoo, Pratosphyrttnu siphioides, F, B. Loomis, Palaeont,, XLVL, 

p. 222. 

igoj, Prolosphyr<eita stphioides, O, P, Hay, Bibliog. and Cat. 

Fos, Vert. M. A„ p. 379- 

IQ03, Frotosphyrarna sipfiioides, O. P. Hay, Bull. Am. Mus, 

NaU Hist, XIX., Art. I, p. 22. 

Type specimen No, 2131 is in the .American Museum of Xatura! 

History, 

In 1877 (p. 822) Cope described from the chalk of Kansas a 
specimen of fish which he placed in his genus £rfjjWrfAr and to which 
he gave the specific name sipftiaidcs. This specimen, now in the 
American Museum of Natural History. No. 2131, was described by 
Hay (*03 p, 22), who confirms Cope’s identification. Felix (’90, 
p. 297). quotes Cope's description and dismisses the species with little 
more consideration. So far as I can discover, there has been no 
further notice,of this interesting fish. Two good specimens in the 
museum of the University of Kansas enable me to correct several 
errors in previous descriptions, and to remove definitely the species 
from the genus Fr&losphyrteiia into the new genus Marthiic/ttfiys. 

The most complete specimen so far obtained (No, 49S), was col¬ 
lected by Mr, H. T. Marlin during the summer of IQQQ in Trt^o 
County, Kansas. It consists of the axial complex of cranial bones 
and a series of 25 vertebrae. As may he seen from an inspection of 
accompanying figures, this is a very different fish from Proto- 
sphyrttno. The conspicuous dentition of the latter animal is entirely 
lacking, and in its place appears the pitted bones so characteristic of 
^ue^miH.r. This and the presence of well ossified vertebrse is suf¬ 
ficient to remove the fonn from Pratesphyrs:na, to which it was at¬ 
tached purely on account of the presence of a rostrum. 

From the descriptions of Cope and Hay, it will be observed that 
the rostrum is materially different from that of Pretosphyrirna, the 
difference indeed being so extensive as to lead both of these authors 
to describe the dorsal surface as the ventral. Two pits on the dorsal 
surface, similar to the alveoli of the vomerine fangs of Prote^ 
spkyr^m, led to the belief that these were identical structures. Be- 
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caus« of the absentee of functiotial teeth hert;, and also on account 
of the short, blunt rostrum. Cope surmised that the spetimen studied 
was the remains of an old individual with an abraded and worn snout, 
liay did not regard this explanadon of Cope's as plausible, but 
agreed Avith him in conceiving the rostral depressions as alveoli of the 
vomerine teeth. 

'rh^ material before me forms the picture of an animal ver^' dit- 
ferent from Protosphyrarna. The cxtreiiM: length of the skull from 
tip of rostrum to occipital condyle is 200 mm.p of which the complete 
rostrum occupies a little more than 50 mm., so that in the matter 
of size there is considerable difference. The entire structure of the 
skull so tar revealed in the new genus is lighter and more delicate 
titan that of Pr^tasphyrtrna. This difference is shown very strik¬ 
ingly in a comparison of the parasphenoidsp for in i/nr/injc/it/tyj, in¬ 
stead of being a strong massive element, it is slender and delicate in 
construction. Most striking, howeverp is the entirely opjMisite types 
of dentition in the two genera, ProtaTphynttm presents a type of 
the highest development in dental armature, with its strong, sharp, 
and firmly socketed teeth on the maxi Marses, prentaxi Maries and 
vomers, while in the new genus there is an apparent absence of teeth 
except weak denticles disposed over the roof and floor of the mouth* 

Since the rostrum Is the most prominent and striking element of 
the skull, as w-ell as its most common representative among fossils, 
it would seem desirable 10 describe it in some detail. In general, the 
description of Hay, l.c.p 15 accurate, except for the confusion of the 
dorsal and ventral aspects, but additional features appear in the new 
specimens. Two of these specimens (Nos. 506, 507) are very similar 
in size and extent to that of Cope and I-Iay. They are figured on 
P 3 . I., Figs, & and g. Very striking, indeed, is the triangular rough¬ 
ened surface on the ventral aspect, which is sliarply outlined by a shal¬ 
low groove terminating on each side at the cephalic end by a deeper 
depressionp the two being separated by a short tongue of bone extend¬ 
ing eaudaily for a short distance in the median Hive, Ihc area thus 
enclosed, for a distance of $0 mm. eaudaily from the cephalic apex 
is much roughened, suggesting the presence, in Hie, of a liardenedp 
closely applied carulaginoua coveringp probably having denticles. 
This terminates somewhat abruptly, leaving cx^josed the smooth 
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surface of the vomers^ intcqiretcd as the frontal hy Hay+ On each 
side of this is a deep pit, which is homologous with similar ones in 
Pr&iosffhyritmi, for the reception of the preniaxillarieSr I’he tip of 
the truncate rostruin b smooth and in this spedmen marked by two 
sharply defined rounded pits on its inclined cephalic extremity. 
Upon the side of the rostrum and forming the outer boundary of the 
groove enclosing the triangular roughened area, previously men- 
honed, is a narrow triangular bone, its apex directed ce|)haladp and 
its caudal portion just beside the pit for the reception of the pre- 
maxillaries. This is the bone which, in Prato^phynEna, Felix calls 
the “ ethnioidale laterale.” Upon the dorsal surface appears another 
triangtdar bone, again the apex being cephalad. which represents 
either the frontal or prefrontaL 

The entire surface of the rostrum is roughened, not as in Proto- 
sphynma by a regular pattern of raised lines, but irregularly—an 
exception to this being the inclined tip of the rostrum, which is 
smooth. 

Rostra of Five New Species. 

Following are brief descriptions of six rostra, clearly be longing 
to five different siJCcies. Owing to their incomplete condition, no full 
account can be given. So far only tw^o rostra have been found in 
connection with thetr skull, those of .If. sipkioidcs and of M. brevk, 
but the close resemblance betw^een the three specimens of M. ijiphi- 
otdes before me leads me to believe tliat we may expect son^ degree 
of specific constancy in the structure of the rostrum. This seems 
the more probable also in view of the considerable diversity mani¬ 
festly appearing in the ones ascribed to other species and because of 
the resemblance between the two included in the species acuius. The 
figures from i to 10 of plate I., give clear views of these different 
rostra and supplement the brief descriptions. 

^lAHTiNicimivs ACtrTus—new* species. No. 50:^. 

Rostrum 17x27 mm. Short, iHiinied, wdth cepliaJic surface 
slightly inclined. In cross section, circular, smooth, without pits, 
except four on cephalic surface. (Fig. 6.J 

Another specimen (No. 50J), 17 x mm. Similar, except it is 
somewdiat fiattened dorso-ventralSyp and has pits in cephalic end. 
(Fig, S-) 


26 


McCLUNG—M A RTINICH TH VS. 


Maktikichthvs gracilis— ne^ specks. No, 504, 

An incompkte rostrum, now 5 ? 55 mm. When complete it was 
probably 70 mm. long. (The longest rostrum as yet discovered,) 
Tapers gently toward the cephalic end. In cross section a flattened 
oval; surface smooth and only sligfilly pitted. Ventral surface flat. 

(F'g- 3 ) 

Martin 1C HTHYs ALTEiRNATCs— new species, No. 500, 

Rostrum 43 mm. long. 15 mm. wide. Dorsal surface straight, 
ventral surface inclined, forming an angle of about 20 degrees with 
dorsal. In this specimen the cephalic one third of the ventral surface 
forms an angle of about 45 degrees with the dorsal. (Fig. 2.) 

Marti NiciTTn vs lajvs —new species, No. 499. 

Rostrum 40 x ^^3 mm., truncate, cephalic surface inclined^ extend¬ 
ing forward further on left than on right side, roughly pitted. 
Ventral surface crushed, but rough and finely pitted- In cross sec¬ 
tion, oval. This is the largest and heaviest rostrum so far discovered. 

(Fig. 4 ) 

Marti NicHTHvs interhedius —new specks, No. 501. 

Rostrum 25x 52 mm. Free portion short, cephalic-v'entral sur¬ 
face rounded and forming an angle of about 45 degrees with the 
dorsal. (Fig. i.) 

DescRimoNs or Figures. 

Specimens discussed in this paper are in the Palaeontological Mu¬ 
seum of the University of Kansas. Most of them were secured in 
a direct effort to determine the character of the fish from which the 
rostra of iV/. had come. In this way the very complete 

skull of specimen No^ 497 wus found by the author. 

(This paper was originally prepared for the proposed S. W. Wil¬ 
li ston memorial volume,) 
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FiG, I, SostrUTTl of J/+ l.4l4-rJlErffll4:f, 

Fit, 2r Kolitruiii oi fl/lrriidlMj, 

Fig. j. of M. 

Fig. 4. Roilrum of hlut. 

FiG^ Rofilrum of AL arwrii^. 

Fig. 6 . Rosiiruttt 01 A/. airirJui. 

FiC- 7- RosiniEii of Af. iHphioides. 
FltL Sr RostriiiTi of Af r ^iphioide^. 
Fsc. (L Rosirum of Af. ^ipkioide^. 

Fig. 10. Roslnim of iVf. 
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Plate IL 

Fl^s. lJ-17- Pflinss oi llie shuEl oE M. briri?u wjih five vertebra. 
Fig. 13- Lateral vii^w til axial scries of cninial bone^. 

Fxo. 15 ' Lateral vien' oE inaiiiliblc and ^^uadrate. 






THE FLORA OF THE SERRA DA BOCAINA." 


Bt BERTHA LUTZ. 
iNtROnUCTION-. 

Ehjring his fiimieroiis expeditions to various parts of Brazil, Dr. 
Adolphe Lutz did not Hmit exclusively to the collecting of 

zoclogic material or to work along his own special lines of research. 
Following the J>end of the naturalist, interested in tv^ry aspect of 
nature and wishing to have a real knowledge of the regions visited, 
he made additional botanical studies and collected the more charac¬ 
teristic plants^ As a result, he has acquired in the course of some 
years quite a large sized herbariunr which contains a great many in¬ 
teresting phanerogams. 

He has nowr intrusted me with the revision and the cataloguing of 
his collections and I cannot help thinking that it is of a certain in¬ 
terest to publish the results. At the present state of knowledge con¬ 
cerning the Brazilian flora it seems obvious that much ntay be gained 
by studies concerning the regional aspects of the vegetation of this 
country and the dtstribution of species both in altitude and extension. 

Dr. Lutz's herbarium includes plants from many parts of Brazil, 
chiefly from the hydrographic basin of the river S* Francisco* the 
northeastern states, the Parana river, the Federal District and sur¬ 
rounding country', and the states of Rio de Janeiro, Sac Paulo^ Sta 
Catharina and Minas Geraes, 

I might have begun with any of these but finally decided to start 
the cataloguing with the plants from the mountain range of the 
Bocaina, which is a part of the ntaritime chain known as the Sena 
do Mar.” 

This region has been visited by Dr. Lutz many times, at different 

* A lesser-known region of Sradrs maritime range. 

> Owing to her early departure for Braail, Miss Lutz did not see the proofs 
of this article Dr. HarshbergiH- kindly gave theui a careful exainktatiom 
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sc&sons and tiiiich of the material for his original systematic work 
in entomology and other branches of aodlogy was collected here. 

The flora of the Bocaina mountains is interesting in many ways, 
To begin with, it is hardly known to botanists, except for two ex- 
curstoris made by Glaaious in 1864 and 1876, and a few modern ones, 
if I am not mistaken. For another thing, this rai^ is lower than 
the Itatiaya, the part of the Mantiqiieira chain which is only about 
50 km. from it and running almost parallel to it. It is also nearer 
to the sea and offers consequently somewhat different conditions* 
especially as to rainfall, hinally* the flora of the mountains is al¬ 
ways interesting and especially so in Brazil, w'here it offers a rich 
and varied field, principally owing to tlw itimpos formations with 
herbaceous species of many families and curious adaptations to more 
or less xerophyde environments. 

There is evidently much similarity between the flora of the 
Bocaina and that of other coastal ranges and it has many points of 
contact with the nearby Itatiaya. As is to be expected under the 
more favorable conditions above mentioned, many of the mountain 
species are [ound at lower ranges. As a curiosity we sltall give a 
few of the species found in both ranges, together with some indica- 
dons as to their conqsradve altitudes. 


Specifid. 

AUitiiflc-. 



Diff«c«noCr 

Syphoifimpylit^ ^ .. 

XaMfo MmpKiftitJi . . . . L . . ... ' 

/^^kri 7 vr<v-Ari^affvi . 

I,9qci-a,4a* ' 
IrPClO 

a, 3 w>- 3 ,s«> 

2 

i.^oo-a.sM 

1.150 

1.350-1.Sflo 
1.300 

700 

550- S20 
Ooo 

l/mVpJvi'a -.. ... r ., . 

Nicotians tonfsdarjfii .,..,.. 

... ' 

Hyficticum brasilicn^^. *.... 

libibjii' cfylhif^ciados .. . 

1 t.is® 

1 ^ 150 - 1 .J 5'0 

1.3*0 

1.150 

I.USO 

1.150-1 .JSO 

I, 050- goo 

J. oOO-l.SOO 
750-1.050 

600 

iphsffocafpa 1 ... K 1 1. r . 


1.150 

700 

iitanif^iiLensii .. 


1 J 50 

750-lroso 

£lerbfFiT iftieW^Nd; .... 

IrSSnS-l.*^ 

4JO"- TOO 

IFF WVF + I.I ,-r, 

^wn liJvl'n'HiJii' e lfn#i1 . .. 


1,^ 

:^oo 

mJV ^FHT Vn-rr uryHL^ruik.-fjiii *ri 

Btirmon^fO hkoloir. . .. - 

A ranejwrua Ardri/iftHdi .... .. 

S.OOf> 

]p 504 

1.150 

500 

^ 9^0-1.150 



The altitudes giv-en for the Itatiaya are diose indicated by Du sen 
in his article on the flora of the Itatiaya, published in Archives do 
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Nachmlj Vol, XI 11 (1905), pp. i ff. Those of the Bocaina 
are at the points where Dr. Lutz and 1 found them, the altitudes being 
given in accordance with the measurements taken by Dr. Mario Eoxo, 
a distingnished engineer, who has gone over the Bocaina and taken 
measurements many times. 

This is of interest principally with regard to the plants consid¬ 
ered as belonging to alpine or andine families, such as the Ericaceae 
and Kanunculaceaeon one side j the Escalloniaceae and Berberidaceae 
on the other. 

Some of the species considered by Dusen a$ belonging to the 
lower flora of the Itatia>^ are also found at stilL lower altitudes on 
the Bocaina. as for instance: 



Altitude^s. 

Itatiaya. 

Bocatna. 

DifferenCOr 

Mtittsia amimfa ............. r• 

Xp40O 


iSO 

JflJna f RMVDRiJPfa ... - . ... 

XpSOO 

1.350 

4$^ 

ilydffKof^t qttinqufUjba ... 


Th 1^0-1,300 

650-700 


It is only fair, however, to point our that these indicitions may be 
by no means absolute. There are also some ejceeptions to the gen¬ 
eral rule. Anemone seUozvima, for instance, was found by Ule in 
the Itatiaya already at an altitude of 1500 meters, although not in 
Rower, Dr, Lutz, on the other hand, found the same species only at 
from 1.580 to i.6oD meters. 

Ph^togeographic Aspect, 

According to the information given us by Dr. Mario Roxo, the 
larger part of the zone we travelled over was origirLally tropical rain 
forest, not only where it is still wooded, but also in much of the 
actual open country. The riatizv campos^^ only appear at the 
higher points to which we penetrated, such as the Ponte Alta and the 
Morros da Boa Vista, over ],6oo m. 

In the old times* before the Central Railway of Brazil came into 
being, a trail used to lead up to the Bocatna mountains from the sea, 
passing through luxuriant forest, in which ferns vrere very plentiful. 

We did not have the opporlunit)' to use this trail, but approached 
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from inland over the hamlet of Fgrmo&o. CoHecring; conse¬ 
quently not begun until a cerlain height was reached and the railway 
journey continued on horseback. Our plaTits are from above 1,000 
meters altitude, with the exception of a small specimen of Friderida 
speciosa^ which was gathered at about 500 m, 

Owdng to dilHciilties of transportation, the radius of the excur¬ 
sions mentioned in this paper was not very great, going from the 
settlement at Formoso to the region called Bon!to and from the 
Fazenda of tt^t name to Ponte Alta and the bar of the river 
Mambuqaba. 

Conscquemly, we shall merely describe the localities as we found 
them and not as they w ere before the clianges brought about by man 
in the original phyic^cographic aspect. 

Interesting Fatnilks and Species Found. 

Among the more interesting plants occurring in the Bocaina we 
may cite: Equisetum Martii, a tall species found by Dr. Lutz in the 
month of January^ Bofnarea speetabiUsj btooming in September aud 
October, 1913, and Atnuryllis {Htppeasiri(m) psittadna, which gen¬ 
erally grows on humus-cov^ered rock, but is epiphytic in trees at the 
Bocaina. 

Only in the one excursion w'hich I accompanied in January ^ 1925, 
we saw w^ell over tw'enty spedes of Orchids, among them quite a 
number of Onetdium, several of them growing on stones like a species 
of EpidendrinHy proliably and some terrestrial representa¬ 

tives of this family. Sophromtis grnndiflora was found in two 
places above 1^500 m. flow'ering in Febniaiy^ We looked for it in 
January, 19^5* hut did not find it. It was probably too early in the 
season, for it has been seen since. 

On a damp spot in the w^oods by the banks of the river Bonito a 
balanophoraceous planE, Helosis gtiyanensis, was found in January^ 
both in 1915 and in jg25» though much less developed the second tune. 

Befberis laurina and Anemone seU<Kuiam, both very interesting 
mountain species, are found but are rather rare and only appear at 
higher elevations. 

On the Boa Vista hills there grows an extremely ornamental 
apocynaceous diniber, a species of Mandevdea (Ambtyanthera) with 
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large beaudfu! rose-oolored bLossoirig with yellow inner side of the 
corolla tube. They are lully S cm. long. It does not etitfrely fit any 
of the descriptions found in the scant literature at our disposal.* 
We were unal>le to consult the description of 45 species as indicated 
by K. Schumann, in Engler u, Prand's “ Die nat. Pfianzenfainilien." 
Comparison with Gardner's herbarium of the South Kensington Mu¬ 
seum, made in 1914 by Dr: Lut?, did not lead to its determination, 
though it seemed nearest to selecwii. We shall give a short de¬ 
scription of it at the end of this paper. 

There are several Gentianaccae, considered as one of the more 
interesting families found in the mountain campos of Brazil. A 
scarlet Lysiauthus grows on one or more of the hills, but is unfor¬ 
tunately retreating from the invasion of its territory by a bracken 
fern. Another one, which is blue* is rarer j there is also a stnal] 
lemon-colored one. A Di^fauira aJ.so grows in the Bocaina. It is 
similar to hut has white blossoms. We shall describe it 

also, since it differs from those known to us. Besides these we have 
V&ysia itnifiora and Zygaslif^uui australe. 

The GesneraceaG are represented by quite a number of spccieSp 
sonw of then^ commonp like Gesttcra atagophylh, known in Brazil as 
p&tato of the fields^ on account of its round tubers found on the 
surface of stones and fallen tree trunks, and to a lesser degree 
Hypocyria htrsHia. Gesnem coo peri is very handsome on the rocks 
that litter the conrse of mountain streamsi and its brilliant blossoms 
are enhanced by the rays of sunlight filtering through the woods. 
Gciiicra wiaculuta^ Gcsnera nuignifica, and Codonofhora prasinato, 
the last two extremely handsomep are also among the plants gathered 
on this range. 

The Melastomaceae and the Compositae indudep as alw-ays in 
Brazilp the most plentiful spedes. In the Bocaina the Melasto- 
maceous and Compositous plants are very' variable in habits from 
minute xerophytic species to great arborescent or climbing ones. 

DjrrajBUTtos, 

Forest .—Though much of this region must originally have been 
wooded^ nowadays the forest is interrupted, by large tracts of open 
^ ^ Flora Brasilicfisis,” etc. 
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country and finally becomes reduced to the depressions in the slopes 
of the mountains from which the tolling native campos begin to rise. 
There are some very tall species in the woods. Of those in flower 
we must mention huge specimens of CIcihra BrasiiiensiSj the flowers 
of w^htch are very diflicuh to obtain. V^^chysiu is represented in the 
woods by two different species. At the falls of the Cavafhada, near 
the Fasienda of the Botiito, there grows a veiy' nice specimen of 
Pninus There are some Legmmiwsce, of course, 

arborescent Melastotnaceae and a very' frK|uent species of Croton, 
with long pointed drip-leaves, that turn yellow and scarlet. In the 
garden of the Fazenda are two imported olive trees that have fruited 
once. There are some specimens with buds in the herbarium. 

Among the climbers in the woncis there are a few Melastomaceae 
and the composites Bidens rublfottus, IVeddia sttbveluHna and 
^fuiis^a cocchifa, several Bignoniaceae, among them two Opithecoc- 
tcmum, a red passion flower, and Furhsia intrgrtfolia, which grows 
everywhere in the mountains of S. Paulo and Minas. 

Bnitifrlsia ramosisshna and hydratigacfornus, both bushes, occur 
in these woods, mostly with very' poor folbge, a condition probably 
due to insects. 

In the upper woods we came across two Loranthaceae, a Fhora- 
dendron and a Sfrutouibus, I believe. 

The lesser vegetation includes some Polygala^, a few earth 
orchids and a Burmannia, found in one place only hut vety abundant 
there. The creeping ground vegetation includes these species of 
Hydrocotyk: Contelh asiaika Bacopo (Ha-rpesits) chamaodryoideSj 
ywla erfasifolia. Dry maria cordaia, etc. 

One copse, found near Bonito de Cima, with much drier soU 
than the woodst seems entirely made up of Behngera iomontosa 
Stytojr kpromm (?) and a Solatium that was not determined. 

Rhvr Banks . — The banks of the river, especially the Bonito, 
w^hich in this region flows in a long and relatively narrow valley, are 
occupied in some spots by three Escatloniae. In January they are 
decked with white blossoms, like an orchard in spring, but I believe 
they flower for a longer period. Several small mountain streams 
come down from the higher mountains. In one of these, a tributary 
of the Bonito, going under the picturesque name of the Secret River 
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(S^TTedo)^ we Once ca.n» upon the Editing' blo$ 50 jn^ of a Papilio- 
nacea, considered a “ TirnhS ” (a name given to the plants considered 
poisonous for fishes). It was a Camptosema pinnatum. 

Vallty of fhe B anti a Rwer. In this valley are found small 
“ pinheitaeSp” f.r.p groves of y^rnfirarfa which beconw very 

extensive in the south of Brazil, where the Serra do Mar gradually 
subsides, but w^here die latitude produces lower temperatures than 
would be afforded at similar altitudes in more northern zones. The 
higher elevations like the Bi^caina, however, seem to compensate this, 
for the pines thrive just as well as further south. There are no 
other trees found together with the Araucariae. On these grow a 
small Orchid, probably a PieurolhaUis and a brofitelia, Aechmcs sp. 
in which the Dynastor Napoleon moth has been observed to breed, 
and from which we raised caterpillars some years ago^ Underfoot 
grows Hydroci^iyk in the damp places and in the more common dry 
ground thrive two Verbenas, V. hirto and F. rigida, and Cuphea 
mesosieiHOn. In the open places of the valley are found Fhyi&laccd 
ihyfsiflaru^ and P/icotiajia langsdorffij\ supposed to appear where 
clearings have been made. F^rftajrriiH blattariaides also rears its 
tapers. 

It is interesting to note that some of the pasture grounds of the 
Boniio Fazenda are overgrown with Achillea miUefaiium, which must 
have been imported unwittingly. On the edges of the paths and 
roadsides in this valley and elsewhere a Gomphrena and a Baccharis 
are constant. There is some damp ground in this s'sHey^ and when 
this Occurs, two Hayijaldia and sevCTaJ species of Habcnariaf among 
them the aptly named appear. Here Ccsirum corytnb&sufnj 

a more ornamental representative of this modest genus, appears. 

Swamps ,—Jn the swamps found in the Bonito valley and some¬ 
times in the forest clearings the vegetation 15 made up of Utricularia 
ghbuhriaefoiia^ three kinds of Xyris, some Eriocaulonaceae (others 
grow in the dry campos) and a Begonia with bright pink blossoms 
and red undersides of leaves. The latter makes brilliant splashes of 
colors in the bogs. 

Campos .—The flora of the Compos h vtry interesting indeed. 
Some of the species found are very plentiful and overrun w^hole hills. 
Others^ on the contrary', seem rare and localized. Among the com- 
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mon ones I should like to mention Dklkuxia foiygaloidcs, with bluish 
stems and FcrnoHUi tomcnkila, a hairy and resinous composite 
Tibouchim minor is plentiful and pretty with its large well-formed 
Bowers and gradually diminishing leaves, the lowest of which are tiny 
and pressed to the ground. 

Lobelia eamfiartun is found nearly everywhere. There is also a 
plentiful little Fotygala with veiy’ narrow leaves. 

In the higher catnpos Microlkia isophylla is the characteristic 
plant. It may begin to flower as early as January' and is still found 
in bipom in June, Its v'ulgar name is vassourinha/* or little broom. 

As IS only to be expected, there are several Ericaceae in the 
Bocaina, chief among them Caulthcria fertuginea anti elitpHeUj Cay- 
iussada viUosa, and a Lcucotlwc, which does not entirely agree with 
the diagnosis in the Flora Brasiliensis/" hut comes unrest to inter¬ 
media. ] distinctly liave the inipresston that this genus is in need of 
revision ; some of the descriptions overlap considerably and possibly 
there are fewer species, and these more variable than one supposed at 
first. 

Some of the campos plants are localized in a s-ery few places- 
This is true of the liandsome Apocynaceae mentioned, of some of the 
Lysiaridius and Alophks. Eryngium of two si^ecies are found in 
isolated spots. 

The plants growdug above i ^200 meters show more or less xero- 
phyTic characters. Some display a covering of hairs„ as Gaultheria 
and Cay'/Eijjffric, others have leathery leaves pressed ag^tinst the 
stems. Some contain strong resins and many are small with showy 
flowers and reduced external vegetative organs. The vegetative ap¬ 
paratus is reduced to the miiiimum in Chevreulia acuminata^ which 
might easily he taken for a moss. There are also xerophytic species 
of other Compositae and some very small Oxalidaceae in Glaziou^s 
collections represented in the Herbarium of the Brazilian National 
Museum. Some have more than one xerophytic character. F 
tamentcUa may serve as an instance of this. 

I should like to have an opportunity to make a more extensive 
comparison of the vegetation of the Bocaina w 4 th other ranges^ both 
of the Maritime range and with other serras, hut for the moment 
must confine myself to this initial contribution, which I consider far 
from complete. 
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Follows a list of the species found, with the dates at which they 
were in bloom. The collections were made in (he years 1912, 1913, 
1914, 1915 and 1925. In this last excursion, made at a very rainy 
season, I took part. The months of the year were January, Feb¬ 
ruary, April, Jiifie, September, October, and December, all of them 
represented in the collection, but most of all the first months of the 
year. The specimens referred to in tlie catalogue are to be found 
in the Instituto Oswaldo Cruz, with duplicates at the National Mu¬ 
seum. Some of the Orchids were gis-en to the botanical garden of 
this institution for culti^'ation, with very- indifferent results, 

The plants were determined almost entirely by Dr. Lutz and 
myself, under great difficulties, owing to the very scant literature. 
Glaziou's collections helped aomewliat, Oxypelatum iublamtum was 
determined by A. Hoehne from S. Paulo, and Professor Sampaio 
of the National Museum gave some indications as to the Orchids. 
We thank them both, as also Dr. W. Roberto Lutz, bis daughter and 
son-in-law, at whose fazenda we stayed during these excursions. I 
also wish to tender my gratitude to Dr, Alario Roxo for the indica¬ 
tions as to altitude and other interesting data of this region, which 
he gave me very readily indeed. 

Equisetacea£. 

Equisehtm Martii Milde. Leg. A. Lutz, 16 a 31, Dec, 1915, 

Taxacilse. 

Podffcarpus Lambertii Klotzsch. Leg. B. Lutz (Ponte Alta), Jan. 
1925. 

Araucariaceae. 

Araucaria brasiliam (A, Rich) Lamb. 

XyatPACEAE. 

Xyns spu Jan. 1925. 

Xyris spi, Jan. 1925. 

Xyris sp., Jan. 1923. 

EkIOCAU LON ACEAE. 

Actinocephaius pohlianm, Jan. 1923. 

Pacpalttnthus itatiayac, Jan. 1925. 

Syngonanthus cautescenf Rub., Jan. 1925. 
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JUKCACEAE, 

Juneau sp,, Jat]. 1925. 

Liliaceae, 

SmUax montana? Grieseb., Jati. 1925^ 

CoUMELlNACEAl. 

3 undetermined species. 

Amaryllidaceae. 

j^bir^ffmeria inodera Herb., Feb. 1915, Jan. 1925. 
Amtrylih (Hippeasirttnt} psUiacinu. 

Bomarea sp^ctabitb Scbenck,, Dec- 1915. 

Dioscoreaceae. 

Dioscorea simiaia Veil, Jan. 1913, Jan. 1925, 
Dioscorra piperifclia WiJld., Jan. 1913^ Jan. 1925, 

IridaceaE. 

CalydQra {Rcterbe) c&mpesiri^ Kbtt, Jan. J913, 
Al{»phia genkulata? Klatt., Jan, 1913, Jan. 1925, 
Sisyrhinchium meun^ium, Jan, ^913, 1925. 
Sisyrhinchmm inairmtum, March 1917^ 

Blr man ki aceae. 

Burman^tm bicolor Mart.+ Feb. 1915. 

Aptcfia Ulucina {^culikmdo) Miers, Jan. 1915. 

Orchidaceae, 

Epidendrum elongoium Griesb,, ApriJ 1913. 
Sophronite^ gmndifiora Lindl., ApriJ 1913, Feb. 19J5, 
Masdevaliio inftacla Lindi.?^ Dec. 1915. 

Govenio Hook., Jan, 1913, Jan. 1925. 

Pogonia Rodrigu^sn Cogn., Feb. 1915. 

Epid€7idrum fragronas Sw.^ ApriJ 1913, 

MaxUluria sp., Jan. 1913, 

Habenoria sartor Lind!., Jan, 1915, Jan. 1925, 
Hobenaria Reickenbachtano B* Rodr., Feb. 1925. 
Habenaria sp., Jan. 1925. 
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Oncidium (5 undetermined spedes)p Jan. 1925. 
Zygopctalum sp,, Feb. ipES. 

Zygopeialum ittackayi Hook., Jan. I9E3. 
Cyriopodium sp., Feb. 1915. 

PUurothallis sp., Jan- 1925- 

PlPEftACEAE. 

P^p^ornia warmpraiaf Sept*-Oct. 1913, Jan. 1925, 
Others undetemilned. 

Ldrastbaceae. 
Sirutufiihus sp.p Dec. 1915. 

Pharadendron sp., Jan. 1913, Feb- 1915. 

Balano?hobaceae, 

Helosis guyanciisis Rich,, Jan. 1915,, Jan. 1925. 

POLYCONACEAEL 

Polygonum ucre H. B. K., Feb. 1913- 
Polygonum sp., Jan. 1925. 

Triplaris 3p.* Feb. 1915. 

Ph>tolaccaceae. 

Phytoi^ca thyrsifiora Fenzl., Jan. 1925. 

Car YOFB YLLACEAE. 

Dr^tnofB cordato W., Jan. 1925. 

Ranukcitlaceae. 

Anemom sellowv Pritz.^ Sept- 1913. 

Beeberidaceae:. 

Berberis iaurina Sept,-OcL 1913* 

Lauracbae. 

Ocoiea {Oreodaphne} sp., Jan. 1915. 

{Ore&d^phne) sp.. Sept. 1913. 

Saxifracaceae (Escalloniae). 
Escallonia mentividensis Cham, et ScW.p Feb. 1915. 
Escallonia vocdnoidis St. Hil, May 1915p Jan- 1925. 
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E^calhnia organensis G&rdd.^ Jait. 1913^ June 1915^ 

CUWIONACEAE, 

Bcla^^gera tomentosa Camb.p Jan. 1915. 

Behngcra cumonata Cambcss., (Jan.?) 1913. 

Rosacea!^. 

PruHus sphaerocarpa Sw., Jati. 1915^ Jan. 1925. 

Rubus eryihr(>caIdos Mart.^p Jan. 19^5. 

Leouhinosac. 

Caniptosema {Dahtedtia) Malme., Jan. 1913, Jaiu 1925. 

Alitcum attissima D. C, March 1914. 

Crotahria striaia D. Cp Jan. 1925. 

CoU^t^a spcdi>j:a L.* Oct. 1913. 

Desmodium sp. 

Cassia 5 p. 

Mimosa sp, 

OjcaudaceaE, 

Ojealis sp.^ Jan, r9i 3j e 1925. 

(Umbellasma ext. sup.) 

SlMARUBACEAE. 

Pkramtiia •^^rmtngiana Engfl,, Jan. I9>JS. 

VoCCH YSIACEAE, 

yocchysia tucariorum Mart.j. Jan. 1913,, March 1915, Jan. 1925. 
yocchysia oppugmlOj Jan. 1925P June 1915. 

PoLVGAfJ^CEAE, 

Palygata laurifalin Jan. 1915^ Jan. 1925. 

Polygala stritfa? subitlosa^j Jan. 1913^ June igtS^ Jan. 1925. 

Euphorbiaceae. 

Croion sp., Jan. 1913. 

Croton sp. 

Croton Jan. 1925. 

Manihot sp,, Dec, 1915. 

Acolypha sp., Jan. 1913P e 1925, Dec. 1915. 
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Sapindaceae. 

S^rjanic sp,, Jan. 1925. 

Malvac^e. " ' 

Favonia spcchsa H. B. K., Jan, 1913, Giaziou 1864. 

(Su%x)l VTTiorpha.) 

Hibiscui sp.p March J915. 

Dilleniaceae. 

Davillea rugosoa, Dec, 19 ^ 5 ’ 

HYFEftICACEAE. 

Hypericum brasiliensc Gioisy, (Lambein Gla^iou.} 

iLICIIfACEAE- 

//cjT affitiis var. Garden., Feb. 1915. Jan. 1925. 

VlOLACEAE, 

FiVjfa cero^folia St. Hil, Dec. 1915, Jan. iQrj. Jan. 1915, Jan. 1925. 

F LACOL’RT [ ACEAE. 

Cojfana cambessedessii Eicbl., Jan. 1915- 

P ASS J FLORACEAE, 

Passiflora rubra L., Feb.-Dee^ I 9 * 5 » ^ 9 ^ 5 - 

Bex;ON] ACEAE. 

Kutiierosa^ especies qtie dei,'iamQs de detentiinar. 
LyTHRARI ACEAE. 

Caphea mes^j^stfinon Koehnc.^, Jan. 1925. 

M ELA 5 TO M ACEAE. 

Tib&uchina herbacea Cogn., Jan. 19^5' 

Tibauchim fiiinnr Cogn.., Jan. I 9 ISt e 1925^ 

Tibmchina minutifiora Cogn., L. i9^3p J^^^- ^9^5- 
Tib&Ufhina arhorea Cong. 

Tibouchim clifiopaditfora Con^^ (or gradUi)^ Glaziou 18761 Feb. 

1913- 

Trembieya parvtflora Cogn., June 1915. 

Leandra nutans Cogn.^ I>ec. 1915. 
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Imandra sp. 

Lavoisiera aiistroie Cogri.^ Jam. 19 ^ 3 ' 

MkroUda isQphylla D. C., Jatt. 1913, June 1915, Jan* 1925. 

Miconia iheesansf, Jan, 19* 3 ^ 

5 Tibouchinas e 6 other not determined species* 

M ALPHIGH lACEAE. 

Tetiaptetis mi Heterapteris, March 1924. 

Onacbaceae* 

Fuchsia integrifotia Camb., Jan. 1913, Jan* 1925* 

Umbelufesae, 

Hydrocotyle barharossa Cham. Dec. tQ^S- 
Hydrocotyk hirsuta, Jan. 1935. 

HydrQCOfyle quinquchba^ Ruiz et Pav., Feb. 1913, Jan. 1925* 
C^tiiella asiatka Urb., Jan. 19^5- 
Eryngium pamculatutH D, C.p Jan* 1913. 

Eryitgium gla^oviamnum Urb.i Jan* 1915* 

Clethraceae. 

Chthra brasiliensis Cham.^ Jan* 1925. 

Ericaceae, 

Leucotkae intenncdh Meissn., Jan. 1913^ Jan- 1935. 

GauUkeria ferruginca Oiam. et Sehl., March 1915, Jan. 1925* 
Caii^^/r^rtd elHpika Cham*. June 1913, Sept.-Oct. 1915. Dec. 1913, 
Dec. 1917* 

Cay/urriirRi viftern, XDct. 1913, Dec. 1915. 

Styracaceae. 

Styrax kprosumf Hook, et Am.. Dec. 1915, Jan. 1925. 

Oleaceae. 

Olea curQpea D, end of Sept. 1913. 

Gentlasaceae. 

Dejamra sp*. March 1914* 

Ly^ianthus elcgans, Jan. 19131 c 1925- 
Lysic}ithiu alpcstris Mart.. Jan. 1923. March 1914. 
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Ly^auiJtus Jan. tgij. 

Voyria unifl^ra Lam.. Jun« 1915. 

Zygastigma ausirale Gries., Jan. 19Feb. 19* 5 - 

xApocvnaceae, 
sp., Jan. I9i3t Jan. 1925. 

Mesechites Siiaiita Veil., Etec, ^9^5- 

AsCLtPI AD ACEIAE. 

O^ypctatum s^ublamtum ilalmct Dtc- 19^5- 

Bdrraginaceas. 

Tourneforlia sp.p Jan. 1925. 

Vekeenachae. 

V^rb^ha rigida Spreng.p Jan. 1925. 
yerbena hirla Sprei^., Sept. 1913. Jan. 1925. 

CONVOLVUU^CEAE. 

JocquefHontia mitriit Choisy^ Jan. 1925- 

LabiataE. 

Saivia scllott/tmta Benth., March 1914^ 

Salvia guaraniika St. HiL, Jan. 19^3? I92S- 

Salzda cocrulea Benth.* June 1915. 

SOU^N'ACEAE. 

Nkotiana iangsdar^i Weimn.p Jan. 1915. Jan. 1925P * outias occasio. 

carymbosum Schlecht, Sept.-OcL 1915* Jan. 1923. 
Brunfetsia hydrangacfontits Benth.| Jan. 19^3^ 1915^ Jan. 19^5" 

Brunfeisia ramQsismna, Jan. 1913, Jan. 1925. 

ScRO eii ulaeiaceae, 

Hcrpestes dtamaedryaides H* B. K., Jan. 1925. 

Verbascum btaitarioidcs Lani., Jan. 1913 Jan, 1925. 

Bigkokiaceae, 

Piihecoctemum datkhoides K. Sch., Nov. 19. 

Frieierirtti spadosa. 
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GESNCRUCEA£. 

Codomphora prosinata Lindl., Feb. 1915. 

Gfsmra magnifies Otto et Dietr., April 1912 (also found by Glatiou). 
Gesnera *mcu!ata Herb., Dec. 1915. 

Gesiiera coeperi P&xt., Jan. 1913, 

Gcs 7 iera afagophylla Mart,, Jan. 1913, 1925. 

Hypocyrta hirsuta Marl., Jan. 1925. 

Lexti Sulaw aceae. 

Utrieularia globuIaruMfoiia Mael., Jan. 1913, 1925, Feb. 1915. 

Acakthaceae. 

Meudasta vellosiam Mart., Jan. 1925. 

Rudiaceae. 

Coecscypselum condaita Person., Jan. 1925. 

Declietexia poiygatoides, Jan. 1913, 1925. 

Psychotria rudgeiodesf, Jan. 1923. 

CucubbitaCEae. 

Cayaponoa caboclaf, Dec. 1915, Jan. 1925. 

Campakl'caceae. 

Lobelia camporum Pohl., Jan, 1913, Jan. J925. 
ffayttaldis hilairiatta, Jan, 1925. 

Sypftocampylus hngipeduHCulatus Pohl., Jan. 1913, Jan. 1925. 

COMPOSITAE. 

Otigandro lycoptfides Less. 

Bidens rnbifolitv H. B. K., .April 1915, Jan. 1925. 

IVedeiia subvelutina D, C, Jan. 1913, Sept.-Oct. 1915, Jan. 1925. 
Mutisia eoccines Sr. Hii,. Jan. 1913, 1925. 

Chcvrefilia anminta Less., Jan. 1913, Oct. 1915. 1925. 

Gnsphaliutn sp., Jan. J913, 1925. 
jdchdles miUefafium L., Jan. 1913, 1923. 

Bocclmris Camporum, Jan. 19J3. 

Bupatorium sp^ {.Symphopappusy, Oct. 1913. 

Mtksuui sessUifolia D. C., April 1915, 

Xanihium spinosvm Less???, Oct. J913, 
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Mikania laevis D. C, 

Veriwiiia tofnentella Mart;* Jan* 1913^ 

Tagctes Ttiinuta L.* April 1913^ 

Ainbrosia artcmUifoh'AC L,* Sept. 1913- 
Adenoste»u^ sp., Feb* 19^5' 

Sima vefonkae D. Jan. 1913^ Feb, 19^5- 
Erechtites hieracifolia D. C,^ April 1913. 

Achyroclific alafa D. C.* April 1913^ 

EupaioriiiPi s^rratum Soreng., April 1913. 

Eupai&rtum laevigaium Lam., June 19 ^ 3 - 

Ert^eron maximum Link et Otto, Sept.-Oet. I9*3i ^9^5' 

Hypochems Gardneri Baker, Jan. 1913. 

Trizis l^ssin^ii D. C., Aug. 1913' 

Lucilia giontiTOia, Ludiia fundi% Lucilia a^utifoUaj Ludlia squarrosa, 
Lucilia man folia, Glaziou, 1876, 


THE FLUOGERMANATES OF THE UNTVALENl 
METALS.^ 


By JOHN HUGHES MULLER- 
(Read Deeemher 4, /^jd) 

Review of the literature of germantum shows that salts of the ^ 
hypothetical fluogiennamc add, HgGeF^, are unknownp with the single 
exception of the potassimu salt which was described by Winkler and 
used by him in the purificatioii of gernianiiirn compounds/ 

A few years ago the writer Iiad occasion to prepare a considerable 
qtiantit>' of the potassium salt."" and at the time noticed that the 
properties of this compHitund differed from those behaviors shown in 
cominon with other complex salts of fluo-acids of the same type 
formula^ especially those derived from silicon, titanium and thorium. 
This observation led naturally to the preparation of a complete series 
of fluogermanates as a means of establishing the relationship which 
exis^ between the fluogermanates themselves, and other fluo-salts of 
the more commonly known elements of the fourth periodic group. 

In addition to the proposed study of these compounds, much interest 
and purpose has been added by the kind cooperation of Dr. R. \V. G. 
Wyckoff of the Geophysical Laboratory of Washington, who has 
undertaken the X-ray spectral analysis of these new' crj'stalline salts. 
The structures of the potassium and ca^itim salts have already been 
determined and show an interesting dissimilarity existing between 
them, the former possessing a hexagonal structure and the latter dis¬ 
playing an octahedral liabit similar to that of analogous platinum^ tin 
and silicon compounds. 

The following communication concerns the preparation and 
analysis of all of the alkali fluogertnajiates^ including the thallous and 

* Contribution trom tlic John Harrison Labc^ratory of Chemistry of the 
University of Penn^lvanla, 

' Winkler, /. ^rairt, Chtm. 3^. 177^ jS8^. 

* Muller, /. Amer^ Chem^ 43^ 5^ 1005, 1931, 
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silver salts of the same add and aUo deals with their respective 
densities, melting points and solubilities. 

Reagents akd Apparatus. 

Lithium Flmnd€-—The best obtainable grade of lithium chloride 
was dissolved in water and poured into an ammoniacal solution of 
ammonium carbonate. The middle ftactions of the precipitated car* 
bonate were selected and were conwrled to fluoride by action of pure 
hydrofluoric acid. The precipitated fluoride was thoroughly vi'ashed 
and centrifugally drained. 

Sodium Carbouate—'* Baker's Analysed C, P ” sodium carbonate 
was recrystalHzed once from water, dried and dehydrated in vessels 
of platinum. 

Rubidium Cart uiwte.—Commercial rubidium chloride was con¬ 
verted to the alum and the latter double salt fractionated from water 
solution, until the middle fractions were practically free from cesium 
and potassium. The salt was then reconverted to chloride and the 
solution of the latter fractionally precipitated by addition of chlor- 
platinic acid. This operation was repeated many times, purposdy 
rejecting first and last fractions, until the flame spectrum indicated 
the complete absence of csesium and only traces of the common 
alkali metals. The chlorplatinate was then decomposed by ignition 
and the extracted rubidium chloride was changed to sulphate, and 
finally to carbonate, by the barj-ta method. 

CcrstViif This salt was prepared from a quantity of 

cststum alum originally nearly free from rubidium. The alum was 
several times recry'sialliaed from hot water. The first crops of 
crystals were converted to sulphate and the latter salt w*as transposed 
to hydroxide by baiyta and com'erted to carbonate by carbon dioxide. 
The carbonate was dehydrated and fused in platinum. 

Potassium Carbonate- —Starting with a nearly pure potassium 
nitrate, the add tartrate was precipitated and, after thoroughly wash¬ 
ing and centrifugally draining, the acid salt was ignited in platinum 
to the pure carbonate. 

Thallium .—^Fairly pure metallic thallium was cut into fine turn¬ 
ings and exposed to the action of water and air, until the major por¬ 
tion of the metal had been converted to the hydroxide. The solution 
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oi the latter converted to carbonate after filtering out the residua 
of undissoLved metallic particles. QualLtad’v'e analysis of the product 
failed to show any heavy^ metal impurity. 

Silver .—Pure cupel silver was used. The metal was converted to 
nitrate, precipitated as carbonatCp and the washed carbonate was con¬ 
verted to fluoride by dissolving in a slight excess of hydrofluoric acid. 

Gennamum Fluoride .—germanium dioxide was prej^red by 
the hydrolysis of the redistilled tetrachloride. WLdi the pure ignited 
dioxide as a starting product, the required amount of fluoride Ts'as 
obtained in each case by weighing out the dioxide equivalent and dis¬ 
solving in a slight excess of hydrofluoric acid. 

Hydrofiuorte Add .—The best grade of concentrated “ C. F/' 
acid was redistilled from platinum retort and condenser. The re¬ 
distilled acid was not stored in bulk but was redistilled in small 
amounts as required, conducting the distillate into known amounts 
of the alkali carbonate or germanic oxide and thereby producing the 
fluorides in knowm concentration, 

IVater ^ — The ordinary distilled w-ater of the laboratory^ was re¬ 
distilled in presence of a little permanganate and sulphuric add^ re¬ 
jecting the first portions of distillate. 

■All preparations of the various fluorides and their coinplex salts 
were raiTied out in platinum vessels. In filtration and draining Op¬ 
erations* funnels and perforated cones of platinum were used. 

The purified salts, after dehydration in platinum vessels, were 
preserved in the dry state in vessels lined with either paraffin or 
Canada balsam. 


pREPAFATIOK AXD AnALY&TS OF SaLTS. 

All of the described fluogermanates were made by adding the 
tlieoretical amount of gernianium fluoride in hot aqueous solution to 
the hot solution of the unh^ent metal fluoride contained in a large 
platinum dish. The solutions were made sufficiently dilute to pre¬ 
vent precipitation of the complex salt, for the most part^ until the 
mixtures were cooled. The solutions of the simple fluorides^ all 
slightly acid vrith excess of hydrofluoric acid, were combined with 
rapid stirring and the resulting solutions w^re evaporated until much 
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oi the complex salt crystaliiaed out on The salts of sodium^ 

potassiiun^ rubidium and cafsiutn are all far more soluble in hot than 
in cold water and were comparatively easy to prepare in this w'ay. 
Yields of these were increased by chilling the solutions to o” C.^ 
filtering off the crystalline masses with centrifugal drainings and then 
further redudug the volume of the filtrate and re-chilling for second 
and third yields. . 

In the case of these four salts the alkali metals were weighed as 
carbonates, (anhydrous), and suhsetiuently dissolved to the fluoride 
in slight excess of hydrofluoric add. The germanium fluoride w-as 
prepared in equi’v'alent quaiuit)' by weighing out germanium as dioxide 
and dissolving the latter in slight excess of warm hydrofluoric acid. 

The oy^stalline sodium, potassium, rubidium and caesium salts were 
twice recrystallized from hot water+ faintly add with hydrofluoric 
acid, and again centifuged on platinum cones and dried in air oventi 
at i3O®-r40° C. The following yields of purest materials were ob¬ 
tained: 

Na,GeF, — 35 K,GeF* — 45 Rb.GeF, — 30 g. 
Cs;GeF( — 50 g. 

The fluogermanates of lithium, thallous thallium^ and silver are 
all very" soluble salts and much more difficult to prepare in a pure and 
crystalline condition; lienee their preparations are considered under 
separate headings. 

Lithhim FiiiGgcrmanaie . — Lithium fluoride wm vreighed as such 
and suspended in cold water. 'Hie calculated amount of germanium 
fluoridej in presence of a slight excess of hydrofluoric acid, was then 
added and the mixture digested on the vi^ter bath until the lithium 
fluoride had practically all dissolved. After flltration the solution 
was evaporated to small volume and then chilled to C. As the 
saturated solution of Hthium fiuogermanate holds 53.f> g, of the salt 
per lOO g^ of solution at 35* C., it will be seen that this salt ts about 
twenty-seven times as soluble as the corresponding sodium compound 
at ordinary temperature. The crystalline mass obtained by chilling 
the concentrated solution Vp-as recrystallized from water containing 
an excess of hydrofluoric add. It was soon found that this salt 
could not be heated much above too* C. without partial decomposi- 


4S 


MULLER—THE FLUOGERMANATES 


tiod, with evolurion of hydrofluoric add and some germanium fluor¬ 
ide, as the heated salt failed to completely dissolve in water, lea%Hng 
a residue of insoluble fluoride. Dried at however, the salt 

appeared to remain unchanged but required some eight to ten hours 
to arrive at contant weight. When dried, lithium fluogermanate 
volatilizes rapidly without melting at 400“ C., in which respect it 
differs from all of the other alkali salts of the same add. The 
crystalline form of the salt does not appear to be the same as that of 
any of the other alkali fluogermanates and the cry stals first separat¬ 
ing seem to be hydrated. Both of these observances are uncertain 
at present but merit further consideration, 

Tfmllmis —The thallous salt resembles the lithium 

compound so far as its solubility- is concerned; that is to say, It Is too 
soluble in water to admit of easy crystallization. It was made by 
combining the calculated quantities of the simple fluorides in hot 
solution, id the presence of a slight excess of hydrofluoric acid. 

The stock of thallous fluoride vras dissolved to known volume and 
the concentration of an aliquot portion w^s determined by the chlor- 
platinate precipitatian method, w^hilc the germanium fluoride required 
to form the complex fluoride w^s prepared as in the above described 
preparations. Care was exercised to mix the fluorides in very exact 
proportions, so that the mother liquor from the first crop of crystals 
obtained must have contained little else than the nearly pure salt and 
the excess of hydrofluoric acid. The crystals which separated on 
evaporating the solution were large and colorless and exhibited a 
beautiful pearly luster. Supersaturated solutions were easily ob¬ 
tained, from which masses of the crystalline salt appeared on inocula¬ 
tion with a minute fragment of the solid phase. The first yields of 
crystals were combined and twice recn.-stallized from pure water. 
Thallous fluogermaiiate is quite hcayy^ (specific gravity 5 - 9 ®^) 
melts at 465* C The yield of pure salt w-as about 30 g. 

Silver fliiogcmtamte .—The aqueous solutions of the simple flu¬ 
orides were prepared from w^eighed amounts of metallic silver and 
germanic oxide respectively, and the fluorides in aqueous solution 
were mixed in the calculated ratio to produce the complex salt. The 
mixed solutions, upon concentration to small volume on the water 
bath in presenoe of a little free hydrofluoric acid, gave an oily liquid, 
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which upon cooling sudddnly solidified to a colorless crystalline mass. 
The solid when heated to So" C. or slightly above, remelted to a 
colorless litjuid, which, when cooled slowly, remained m the super¬ 
cooled liquid state for sonic time. This whole mass became almost 
instantly solid when stirred or when touclwd with the solid phase* 
After removal of all or nearly all of the free acid at 80-90" C„ the 
salt remained completely soluble in very little cold water, but the 
neatral solution, on standing for some hours, deposited a snw!!'black 
precipitate which contained practically nothing but metallic silver. 

A solution in water containing a little free hydrofluoric acid, how¬ 
ever, appears to remain unchanged on long standing. 

Recrj-stalliration of this silver salt requires a large amount of the 
initial material, as a solution weighing too g. carries as much as 
88.03 g- of dissolved salt at 35" C. The crystals finally obtained by 
evaporating the concentrated solution in vacuo over sulphuric acid 
were large, colorless prisms, and when dry could be heated above the 
melting point of 80' C. without decomposition. Above too* the 
molten compound slowly darkens and on subsequent treatment with 
water leaves a residue of nearly black metallic silver* 

Analysis ok Fluocehuanates* 

As is well known, the usual method for the decomposition and 
analysis of complex fluorides of the type MejHF* consists in the 
treatment of the salt with an excess of concentrated sulphunc arid, 
whereby hydrofluoric add is expelled and the nonvokitile residue con¬ 
tains the univalent metal sulphate and the oxide of the add-forming 
element. This general method is, however, not at all applicable to 
any of the fluogermanates above described. Such treatment of these 
compounds results in loss of fiuogermanic arid itself or of germanium 
fluoride, which escapes with the acid vapors at the fuming point of 
sulphuric acid. Proof of this peculiarlt}' on the part of the alkali 
fliiogertnanates consisted in treating tiiem with sulphuric add and 
passing the volatile products obtained by heating to fuming through 
a platinum condenser tube* All of these salts gave white sublimates 
even below 300" C, which upon treatment with water and excess 
hvdrocbloric add gave solutions from which germanium sulphide 
miS obtained by action of liydrogcn sulphide. The presence of 
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fluorine was also proved by the glass etching test which the hydro¬ 
chloric acid solution of the same deposits gave when such soludous 
were seated In glass tubes and allow^ed to remain in contact with the 
same at roo“ C. for some hours. 

After numerous unsuccessfut attempts to obtain complete analyses 
of the alkali fluogemianates, die following method w^s found fairly 
accurate. The weighed salts w^ere treated with a little concentrated 
sulphuric acid and were then carefully heated with the addition of 
several cc. of fuming nitric acid^ The oxides of nitrogen and oxygen 
escaping from the decomposing nitric acid very slowIVp but completelyi 
remove the hydrofluoric add at a temperature below the point of 
vobtilization of gettnaniuni fluoride or fluogermanic add, and the 
residue then contained on final heating to fuming—-germanic acid and 
the alkali sulpliate. The residues were then taken up m wuter and 
the solutions, after rendering about six normal with hydrochlonc 
acid* were treated with hydrogen sulphide to saturation under pres¬ 
sure. ITie germanium sulphide so precipitated w-as in each instance 
converted to dioxide in the usual way and was weighed as such. 
The strongly acid filtrates^ containing much hydrochloric acid and 
the original small excess of sulphuric acid^ w’Cre simply evaporated to 
diy-ness and the alkali metal sulphate so recovered w'^as wreighed in 
the anhydrous condition. 

Another scheme for partial analysis of any of the alkali fiuo salts 
consisted tn heating the w*eighed salt In a platinum crucible in a 
stream of hydrochloric acid gas. This method* while it gave only 
the alkali chloride^ with loss of l>oth gemiantum and fluorine* had the 
advantage of simplicity and high accuracy for the alkali metal con¬ 
tent of the salts in question. 

Analysis of the thallous and silver salts. The thallous salt was 
decomposed in the same manner as the above* by frequent treatment 
and evaporation with a mixture of fuming nitric and sulphuric acids* 
and the germanium was separated from thallium by precipitation of 
germanium as sulphide from a solution strongly add with sulphuric 
add^ The sulphide of germanium at first thrown down w*as impure 
and discolorcdp due to co-predpitation of some thallium. This yel¬ 
lowish sulphide was treated with ammonia, and liydrogen sulphide 
w’as passed in until a small residue of black thallium sulphide re- 
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maiited and all of the eermamum sulphide had formed the soluble 
thipgtrmanate. The germanium \s'as recovered from the filtrate by 
strongly acidifying with sulphuric acid and precipitation as before, 
from six normal acid solutioiis, as sulphide. The smaii residue of 
thallium sulphide was added to the main bulk of tliallium sulphate 
and the solution was eraporated to expel nearly all of the sulphunc 
add. The metal was recovered as sulphide, which was in turn con¬ 
verted to chloride and the thallium finally estimated as chlo^latinate. 
The silver salt was also decomposed by sulphuric and nitric adds- 
The residue, which was completely soluble in strong ammonia water, 
was treated with hydrogen sulphide until the alkaline liquid was 
nearly saturated with the gas. The silver sulphide which separated 
was filtered off and, after retreatment with more ammonium sulphide, 
■was converted to chloride in the usual way. The thiogermanate 
filtrate was treated as before described and the germanium finally 
weighed as dioxide. 

Results of analyses appear in the table which follows. 


TABLE I. 

Awalvsls q¥ Unr alext Metal Fllogeemaxates. 


Li*GcF^ 


An^j'aia. 

Ptr Cent 
Littiium. 

Fcr Cent 
(^rmaniutil. 

PtF CCDt 
Flucrrin?- 

1 .. ^ a ^ M . . m .. ** ** ^ - ^ - 




.. J L .. 


35-74 


Tbeofietical .. ^ ■ 

I 






Amlym- 


P« Cent 
So4Sum. 

Ber Cent; 

, Ce-nnaniuni. 

Per Ciftt Flnorim! 
Difftrencey. 



30.71 


. 4P.06 

J. . - -- ---- . 



39 -S 9 

30.95 

49 U 

3-rri +. r,r.r-, 

4^ ■ ■■ T - - * - J ■ r - ■ 



49-13 



19-74 

31.10 
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K,GcF.. 


Analysis, 

Ptr Cent 
Pmas&ium. 

Part C*nt 
Gers^bmiiiin. 

l^er Cent Fluckdne 
(hy Difiemnev). 

I.. . 

30 -»T 

^795 

43^94 



27 J 3 

42-73 

3 .. --- 

3 p^ 

^•2 49 


Thwetical.X +,.. 

29-54 

3739 

43.07 


R1^C«F«. 


Analy^. 

Per Cent 
Rubidium. 

Ptr C™e 
G ennanium. 

Per C^nt Fluorine 
Cby Diifejen«>. 


4 Soi 

30.51 

3^-4^ 


4S-0H> 

39.96 

31.04 

Tbcarelic^l ^ ,,.. ^ , 

47 .SJ 

30.19 

JI 9n 


Cs,GeF^ 


Anal^-vit. 

Pci Cent 

Cffisaum. 

Per Cent 
Gennanlum^ 

Per Cent Fluorine 
0 )iy PSITeitnof), 


58^78 

16.14 

34.90 


5 ». 7 * 

16.19 

13.09 

Theorirtkal. ^. 

SB. 75 

16.63 

25.31 


AgsGeF^ 


Anal^nU. 

Per Cent 1 

Silver. , 

Per Cent 
Germnnium. 

Per Cent Fliroffine 
(tiy Piffmnee^ 


4989 

19-00 

31.11 

Thewctkal 

i-'-yw 

53-65 

.■ n-a j 

16.63 

3S.49 

28.33 


TI.G*F., 


Aiulyaifw 

Per Cent 

Thai 1 mm. 

Per Cent 
Germaninna. 

Per Cent Fluorine 
(]hy DifferEnce)^ 



11.94 

13-41 



6776 

67 - 89 

6 S, 29 ' 

68- 63 


4 ,.,.. r,. 




13.03 

11. ig , 

19-78 

Tlieorriical....,.,,. 


16> 18 
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From the above analj'tical data it will be evident that the fluogertnan- 
ates which were analyicd all conform to the expected, tjpe fortnola 
KiGcF,, although in a number of cases the deviation from the theo¬ 
retical percentage values is larger than that which is to be desired. 
It is altogether probable tliat the salts themselves w'ere far purer than 
their respective analyses would indicate, owing to the method of 
preparation, and that the errors introduced are lately owing to im¬ 
perfection in the analytical method. It should be stated, however, 
that the determination of germaiuiim and an alkali metal in presence 
of fluorine is a quite difficult problem and that the procedure outlined 
is the first reported attempt to make this separation and is simply 
prcliniinarj' to a closer study of the prohlem involved* 

In evndcnce of the purity of the potassium salt, for example, it 
was observed that the simple decomposition of the salt by ignition in 
a stream of hydrochloric acid gas gave v-alues for the potassium con¬ 
tent of the compound which were very close to the calculated amount 
of the alkali metal. Three analyses made in this way gave the fol¬ 
lowing percentages for potassium: 29'4^i 29.60; and 29.61 (theo¬ 
retical = 29.54 if Ge = 72.5). This method is certainty much better 
for the alkali metal content, but was objectionable on account of the 
resulting loss of germanium and fluorine in an unrecoverable mixture 
with the excess of hydrochloric acid gas. 

Specific Gravities ano Meltikg Points, 

Detcmiinations of the densities of the fluogermanates were made 
through the use of pure toluene, which had been redistilled at con¬ 
stant boiling point (iio-iil*) and dehydrated by redisiillation over 
metallic sodium. A 25 pyknometer was used and comparatively 
large samples of the various salts were taken for each determination 
(10-15 S }> Results obtained at 25* C. and refer to water at 
the same temperature. 

Melting Points ,—Melting points w'erc obtained by the cooling 
curve method, using 5 to 10 g. of the salt, which was melted in a 
platinum crucible and allowed to cool slowly in a Jacket of non-con- 
duedng material A pbtinum-platinum-rhodium thermo couple was 
used, which had been previously calibrated by the cooling curves of 
bismuth, lead, zinc, antimony and silver. The probable error in 
temperature reading was 2* C. See Table 2. 
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TABLE 2 . 


SfEcinc GiAvrn^ asd Melting Pioints of Fluocsrmanat^. 


Salt pGurniuJii. 

SpeciAc 
' Gravity. 
D“ 

Melting 

Point. 

C*. 

Rematkff, 

Lfe&jF*. 


— 

Rapidly volfiLtiliaes w^ithout Jncitmg 
at 400®. 

KajGeFi. ^ ^ 

3055 


Quite volatile at TSO-Sm®. 

KtC^Fi. . 

3,19 s 

73 S® 1 

Boilfl at about Sj5°'. 

Rt^GeF*. . . . ,. + ,1 

3.S91 

7 * 0 * 

QrJt* volatile at a&&“. 

CfeGcF*. ... . . 


7 * 7 “ 

Slowly valatlic at §50^. 

AaiGcFi.. .. 

3.9S0 

80 * 

Slouiy dccompc^et above ixidtuif 
point, dark^ELR. 

Tl?GeFi ..... 


4 *S* 

Slawly deccimiKieci abavo ra^ltinE 
point. 


From the above table it will be seen that the densities of the 
alkali fluogermanates are not x^ry wndely varient and that the bthitim 
salt is unexpectedly of greater density than either the sodium or po¬ 
tassium analogue. This appears to be connected with other points 
of dissimilarity between the lithium salt and the salts of the com¬ 
mon alkali metals. 

The cesium salt shows a melting point w^hich places it between 
sodium and potassium fluogennanates, instead of the expected posi¬ 
tion, in w^hich it would follow^ the rubidium compound* This atioma- 
lous beha^dor is in remarkabJe agreement with the abnormal solubil¬ 
ity of the caesium salt, in which it falls between sodium and potassium 
instead of following rubidium as would naturallv be expected. 
(See Table 3.) 


SOLU BtUTV OF XnZ FlTUOGICRMABATES, 

Solubility determinations were made according to the method 
recommended by Findlay (** Practical Physical Oiemistry ")* In 
general, the various salts ivere dissolved in hot water and allowed to 
cool to near the required temperature, with consequent deposition of 
the large excess of dissolved salt. This was carried out in platinum 
dishes and the supcmateiit liquid^ together with some of the suspended 
solid phase,, was then poured off into the suitable container for preser¬ 
vation in the thermostat The solutions were vigorously sdrred for 
periods of thirty-six hours or more—at a constant tempei^ture of 
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i 0-t>5*—^before samples were talttn for analysis. Samples were 
weighed in a platinum bottle (stOKwred), and afterwards evaporated 
to drjtiess and gently ignited and weighed in a platinum dish. 

The lithium salt, however, could not be treated in this way, as it 
could not be rapidly dehydrated without some decomposition. This 
salt appears to carry down some water, and heating even to lOO* 
caused some loss of hydrofluoric acid, In consci^tience, it was slowly 
dried to constant weight at 8 cm)o" in a water jacketed oven. 

The %*ery soluble silver salt was difficult to deal with, as it melts at 
8o“ C. and at that temperature is soluble in water in all proportions. 
Dehydration of this salt was very slow, requiring many hours at 6t>- 
70" in the absence of light, followed by esrposurc in v^cuo over sul¬ 
phuric acid for several days before constant weight could be obtained. 

The following table shows the results obtained for all of these 
salts and is accompanied by the solubility curves of the four alkali 
fluo salts of lesser solubility. 


TABLE 3- 

Sot-CaiUTEES OF TUB UXIVALENT MeTAL FLCOCEIlII A SAtES ExFBESSES IN GtA HS 
w Sai-t tw too cc. OF Saturate Aqueous Solution. 


F-ortnula of Salt, 


0^ 

10* 

23- 

3 o‘ 

40 * 


LhCfiF,. : 

Kai^^Fi 

KiGtFi.. 

RbiGtfFi . 

0-35 

0,25 

o.&i 

14.15 

1.6S 

0 - 3^5 

ajoa 

O.flS 

S 3 .- 9 ^ 

1 0.59 

l .»9 

2,55 ' 

0,65 

fi.74 

2.33 

34 -S 8 

1 SS.oj 

111 

j i-fr 

Sol. in aU propor^ 
tlOEkS^ 


The solubility determinations of the alkali fiuogermanates show 
that the caesium salt possesses an unexpected solubility, which places 
this compound intermediate between the sodium and potassium 
analt^es. This anomalous behavior is probably connected with the 
fact that CsjGeF, is not isomorphous with K.GeF* as revealed by the 
X-ray spectra of these salts. The potassium salt shows hexagonal 
sym^lem^* while the caesium compound displays an octahedral habit 

* P, Greth, ChtM. Xmt., L, p. 486 tLeipiig, tgcA). 
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SpEubtlitie of the Alkali Fluogermaiuttes. 



shown by tht kindness and cooperation of Dr. R. W, G. Wwkoff of 
the Geophysical Laboratory at Washington. The results of this in* 
vestigalion will appear tn a separate publication, tinder the title 
Ciystal Structure of C^siuin Fluogernianate ’* (Wyckoff and 
Muller,/. Sci,, April, iga?). 

As before indicated, the abnormally low melting point of CsiGeF^ 
(727 C.), also places cxsiutti between sodium and potassium in the 
sauw series of salts (see Table a). 

The Huogci Ilia nates of lithium, silver, and thallous thallium are 
all very soluble in water. They all three tend to form highly con¬ 
centrated supersaturated solutions and differ considerably from the 
sodium, potassium, rubidium and csesinm compounds (see Tables 2 
and 3), 
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The alkali metal fluogermanates in aqueous solution fail to pve 
any precipitation of germanium sulphide* when such solutions ate 
saturated with hydrogen sul|Judc either in neutral solution or in 
presence of free hydrofluoric acid- This stability toward hydrogen 
sulptudc. which indicates the firmly hound nature of the fluogennanic 
acid radical, has already been made the basis of a separation of ger¬ 
manium from arsenic: for hydrofluoric acid solutions of arsenious 
oxide may be quantitatively precipitated by hydrogen sulphide, leav¬ 
ing all of the germanium in the filtrate as fluogermanic acid.* 

Summary ajo> Cokcluscok. 

1, The fluogermanates of lithium, sodium, potassium, rubidium, 
casium. thallous thallium and silver have been prepared. These salts 
represent a new group of compourids, as the potassium salt is the 
only member of the series previously reported. 

2. Methods of analysis of these salts are included, together, with 
determinations of their specific gravities, melting points and solu- 
bjUties. 

3* The somewhat anomalous position of the caesium salt in refer¬ 
ence to the other members of tht series* as shown by its melting pKiint* 

solubilitj- and crystalline form, is of particular interest; for these 
properties place this salt in a position intermediate lietween the corre¬ 
sponding sodium and potassium compounds instead of at the end of 
the series, following the rubidium salt, as would naturally be ex- 
pected. 

4, The preparation of these salts in a pure condition is prelimi¬ 
nary to a further study of their crystallograpliic structures which is 
made possible by the kindness of Dr. R, W. G. Wj'ckoff, who has 
undertaken their X-ray spectral e.\amination. 
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Introduction, 

The shore Hne of the Philippine Iskinds. extending for thousands 
of mtleSj includes a variety of habitats affected by a variety of en- 
viromnental factors. Extensive areas covered by jfiangrove species 
occupy the intertidal region in parts of the Islands, while equally ex¬ 
tensive areas are (jccupied by brackish swamps in which the rnpa 
palm is the predominant species. At other places many miles of lewl 
sandy beach occur, or great stretches of rocky clfffs come down to the 
water^s edge. Many small islands are composed wholly of sand and 
rise only a few feet above sea level, almost free of vegetation or 
covered with a heavy growth of shrubs and trees forming the “ beach 
jungle '* characteristic of the Indo-Malayan region. Usually, how¬ 
ever, the shore line of any given area is composed of all of these 
vegetational types and physiographic areas combined, no one of them 
being great in extent and yet each showing most of the features 
found on the more extensive area$p 
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With such a diversified shore Hue ol muddy flats, sandy beaches, 
and rocky headlands, in protected bays or exposed to die diverse 
winds, currents, and wave action of the Pacific Ocean, the China Sea, 
the Sulu Sea, the Celebes Sea and other smaller seas, gulfs, and 
channels, subject to a varied rainfall and backed by the varied vege¬ 
tation of the island’s interior, the vegetation ty'pical of these beaches 
proves to be composed of a large number of species of unusual inter¬ 
est from an ecological and an anatomical viewpoint. Merrill (22) 
in his ■* Enumeration of Philippine Flowering Plants ” lists 25^ spe¬ 
cies (exclusive of the orchids) as occurring usually along the sea¬ 
shore or along tidal streams, and of this nutnher 33 per cent are 
endemic to the Philippines. This is an unusually high percentage of 
endemism when one considers the very wide, often pantropic, distribu¬ 
tion of most of the beach species. Merrill (21) states that the per¬ 
centage of endemism for all the plants found in the Philippines is 40 
per cent, of which the species found in the virgin forests liave an 
endemism of 60 per cent or more, while the plants of the thickly 
populated regions have an endemism of only 18 per cent. The total 
number of plants found on the beach would be materially increased, 
if those species are included which occasionally occur along the sea¬ 
shore, and if we included the ferns and the orchids. 

In spite of this interesting diversity', little has been done in the 
Philippines to irivestigatc the vegetation of the beach. An exception 
to this is to be found in the case of the mangrove and nipa swamps, 
which have always aroused the interest of the botanist, and in the 
Philippines haw been studied largely because of their economic value. 
WTutford (32) in a study of the *' Vegetation of the Lamao Forest 
Rescrv'C ” discusses the beach vegetation on that part of the Reserve 
bordering on the sea, where he finds a “ dilute expression ” of the 
vcgetational types characteristic of the beaches of the Philippines. 
Based on the physiographic forces at work forming these habitats he 
recognizes: <i) Sandy beaches lying above high tide, populated by 
the Ipomota pef-citprae formation and the Barringtonia-PandamfS 
formation; (2) Strand lying below high tide, populated by the Man¬ 
grove and Ntpv formations. 

Copeland’s (9) ecological study of the San Ramon Polypodiaceae 
includes a few species found along the strand. These he compares 
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anatomically with the ftms of other habitats and in relation to the 
severe xeTOph>tic conditions under wliich they live. Brown (5) in 
Minor Products of Philippine Forests *' discusses the mangrove 
swamps of the Philippines, their distribution atid the species that 
characterize them. This work together with the work of Areschoug 
(I). Karsteii (20) and others, makes it unnecessary to discuss this 
interesting feature of Philippine shore lines. Likewise the nipa 
swamps which are discussed by Brown and others are omitted from 
this study. 

The classical w'ork of Schimper (27) on the beach vegetation of 
the lndo~^Ialayan region will always serve as the basis for any work 
done in this region. Schimperp however, does not discuss the eco¬ 
logical anatomy of the sandy beach species nor pay particular atten¬ 
tion to the vegetation of rocky cliffs fronting on the sea. 

Area Covered. 

The area to w^hich particular reference is made in this paper is 
tliat near the town of Puerto Galera, located on the northern coast of 
the island of Mindoro. This island, the seventh largest in the Philip¬ 
pines. with an area of nearly 4.000 square miles, is comparatively little 
known. It is ver>' mountainous, practically the whole interior being 
a chain of mountains extending from one end of the Island to the 
other. These mountains extend in spurs and ridges down to the 
coast* where they terminate in rocky headlands or promontories, 
alternating with low valleys which form sandy or muddy beaches de¬ 
pending On the amount of sediment brought down by the rivers and 
On the strength of the wav'e action and the currents in carrying this 
material away. The town itself js located at the narrow neck of land 
where a long, narrow, hilly, indented cape jobis the mainland. This 
cape extends several miles out into the Verde Island Passage and is 
open on its eastern side to the currents, the w^ave action and the wunds 
which sw'Oep up this channel from the east. Its western side is pro¬ 
tected bv a number of small islands, separated by narrow' channels, 
thus forming a comparatively shallow protected bay betwreen them 
and the main cape. This protected bay with its many identations 
provide a series of sandy beaches, muddy flats, and rocky cliffs, 
within a small area, all of which are protected from direct contact 
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with wave and curtent action, while the eastern side of the cape 
affords a similar series open to the stronger action of the elements of 
the Passage, though not exposed to the open sea. Here we find all 
of the t>'pcs of beach vegetation characteristic of the Islands except 
the nipa swamp. They are all on a small scale, but characteristic 
nevertheless, as regards species and environmental factors. All of 
the vegetation On the hills of the cape and some of it directly back of 
the beach has been altered by man, but very little of the beach vegeta¬ 
tion itself has been removed or changed. The exceptions to this are 
the removal of some of the mai^ove trees for tan bark or for fire¬ 
wood, and in a few cases the planting of coconut groves close to the 
beach and the consequent clearing away of all of the native vegetation. 

Back of the town the land gradually rises to the coastal range of 
mountains about 2,500 feet in height. Many streams, all of them 
small, drain from these coastal mountains into the sea. Those 
streams draining directly onto the open coast where the currents and 
the wave action are strong form level sandy beaches, the stream some¬ 
times being temporarily dammed at its mouth by a sand bar raised by 
wave action. Those draining into the sea at protected places, par¬ 
ticularly into the protected bay to the west of the cape, form low, 
level sand, or mud flats, on which the mangrove species grow abun¬ 
dantly. The ridges from the coastal mountains end abruptly in rocky 
headlands of varying heights as they reach the sea. These ridges 
alternate quite regularly with the sandy beaches or with the muddy 
flats. Some of these rocky cliffs are composed of a sandstone rock 
which easily disintegrates into a fine sand, while others are composed 
of a much harder rock of volcanic origin. Frequently their seaward 
sides are not so steep but that they are partially or entirely covered 
with soil. At the foot of these rocky headlands there is frequently a 
narrow sandy beach, or a sandy beach thickly strewn with boulders, 
depending on whether the rocks of the cliffs are of sedimentary or of 
volcanic origin. 

Because of the very wde and uniform distribution of nios^t beach 

plants and because of the uniform environmental factors obtaining 
on the beach, the types of beach vegetation of this Puerto Galera area 
are fairly representative of beaches throughout the Islands. Depend¬ 
ent to some extent On the enrrent rainfall, the vegetation of the'rocky 
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diffs and to a lesser extent that of the sandy beaches has a seasonal 
periodicity' of vcgetadve activity' coincident with the periodicity of 
the rainfall. As the seasonal distribution of the rainfall ’V'aries from 
a uniform rainfall the y-ear round on the eastern coast of some of the 
islands, to a decided alternation of dry and wet season on the west 
coast of most of the islands^ the seasonal appearance of the beach 
vegetation ^'aries somewhat in different localities. However, this 
variation in rainfall probably does not affect the ty^pe of vegetation, 
nor the floristic composition of the vegetatiori found on the ^ndy 
beach in different parts of the Islands. 

Work Done. 

During the summer of J923, the author made a trip through the 
southern islands of the Archipelago, stopping at many places to make 
ohserv'ations and collections of the beach flora. The summer of 1924 
WHS spent at Puerto Galera^ svhere intensive collecting of material and 
the measuring of euvironmental factors w'cre carried on as teaching 
duties permitted. Herbarium material w'as gathered, particularly of 
beach species; anatomical material, chiefly leaves, was collected and 
preserv'cd and readings w’Cre taken on evapoi^tion in wrions habitats, 
on vimd movement* on temperature and on other factors. Observa¬ 
tions were made on the distribution of various beach species and a 
considerable study made of the structure of the beach plants, 
from fresh materia! cut with the sliding microtome and cleared with 
ddoral hydrate or stained wdth various reagents, particubriy chloriinc 
iodide. This study of the fresh materia! w'as especially useful in 
making stomalaJ counts and in distinguishing chlorophyll-bearing cells 
from w'ater storage tissue. The preserved anatomical material has 
since been sectioned and examined and the data obtained incorporated 
with that obtained from the fresh material. 

The herbarium material has been determined by Dean Elmer D. 
^lerriJl of the University of California^ to whom my sincerest thanks 
are due. The pbnt names used throughout this paper are those 
recognized by Merrill in his "Enumeration of Philippine Flowering 
Pbnts/* hence no authorities nor synonyms arc g^ven. 
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Environmental Factors of the Area.* 

Tefnperatttrt on ihe sandy beach during the period of April to 
June as measured by Standard Weather Bureau thermometers awr- 
aged; oiaxinmiii 88 . 6 ° F.j and minimum yS-S" 

Relative A untidily on the beach vras found to be very high even 
during the hottest days of the summer season, often being above 8 o 
per cent at such times. 

Evaporation was measured by standardized Livingston white 
spherical atmometers on a rocky headland, on the sandy beach and 
under the mangrove; the amount of water evaporated at these sta¬ 
tions being in the ratio of too, 58. 33 - constant wind on the 

rocky headland greatly increased the amonnl of evaporation. 

Sttnshine was not recorded beyond general notations on the dear¬ 
ness or doudiness of the sky. The number of bright clear days was 
hi^ and this together with the temperatures and almost constant 
wind movement produced a severe conditiou for plant life, particularly 
with regard to water loss from llie plant. 

Rainfall is fairly uniform throughout the entire year, with the 
driest months being February and March (about 2 inches per month). 
Increased predpitation in April, May and June reaches 6 or 7 inches 
per month, the total annual rainfall being over 53 inches. 

Vecetation of the Beach. 

The vegetation found along the shoreline oE the Philippines may 
be divided into two distinct types based on the physiographic features 
of their habitat, namely: (i) 

below high tide level. The area along the seashore which is above 
high tide level may consist of sandy beaches, rock strewn tieaches or 
rocky cliffs extending up Erom the water’s edge. The area below 
high tide level is made up of coral reefs, sandy fiats or muddy flats 
submerged at high tide and characterized by the presence of man- 
grove and nipa swamps, those great *' forests of the sea which have 
received so much attention from botanists who liave visited the trop¬ 
ics. These have received classic treatment at the hands of Schimper 

^ A foiler discussion of the environmeiital factors this area and of the 
beaches of the Philippine Islands in genciral will be published later nu the 
Phiiippirtt Jounmi 0/ Sfifisr/. 
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(27), Karsteti (20) and others. In deeper water we find the maHne 
vegetation, made up of algae and niarine phanerogams. 

Marine Vegetation. 

The marine vegetation of Puerto GaJera and of the Philippine 
Islands generally consists of two t>Tje5: (i) the algae and (2) the 
marine phanerogams. The larger algae are few in individuals and 
few in species, as is characteristic of most tropical seas when com¬ 
pared to the abundant tvrack and kelp beds of our north temperate 
sea coasts- A few species of Halimeda^ a calcaieous alga, may be 
found on the firmer sandy floors in shallow water or more likely on 
coral reefs covered with sand. Laurcnaa and Cauhrpa are also 
found to a limited extent. Along muddier shores characterized by a 
sandy or rocky bottom covered by a layer of mud silt brought dovra 
by the rivers we find a considerable growth of Sargassutn and Fadtm. 
Along clean .sandy shores wdth a somewhat pebbly bottom we find 
much of the sea lettuce, Utm. 

The marine phanerogams are present in much greater abundance 
than are the algae and at low' tide we find extensive flats of a sandy, 
slightly muddy or rocky diameter w^hich, when not exposed to 
strong wave action, are covered with a growth of various marine 
phanerogams. The most conspicuous and extensive of these btds 
are composed of an almost pure growth of Thaiassia hempnehii. In 
deeper ™ieT we find small Ijeds or clumps of the very- rank, coarse- 
growing Enhains w'htch seems to prefer a slightly muddy 

bottom to a clean sandy bottom. Diphnthi^rG unmervis is confined 
almost exclusively to a clean isoral sand bottom, witcre it unites with 
Hahpkila ozaUs to form dense beds which bind the sand so finnly 
tliat at their shallow edges, where W'ave action has broken up this 
sod ” of plants, one steps down off the bed eight to ten inches onto 
the sand which is being carried away by the waves and currents. 
Cym&docea rotimdata forms extensive beds, seeming to prefer clean 
sandy bottoms, though sofnedmes being found on muddy sand bot¬ 
toms. Cy^iodocea serrulata and Hahphtia spinulosa are much more 
rarely found and seldom form dense beds. These facts hold also for 
the shores of the coral sand islets of the Sulu Sea, where I have cob 
lected marine phanerograms at a number of stations. 
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Sandy Beach. 

The lower sindy beach is usually entirely free of vegetadoti except 
as seeds contained in the beach drift way attempt to gain a foot¬ 
hold. only to be submerged or washed away. Barringlortia astaltca 
often attempts to establish itself in this way. In many pbces even 
where there is considerable wiivc action there is a gTOftlh of man¬ 
grove species in the pure satid bottom often With a strip of water and 
of sandy shore between the clump of mangrove and the higher shore 
line The species found in such places arc not the species of R r- 
joPhon or Brugmer^i of the mangrove swamps but rather 

those memlKirs which are capable of growing and often do grow on 
sandv or rocky shores within reach of salt water and which f^ a 
transition between the true mangrove swamp and the sandy btach. 
The species usually found there are: Avicennia manna and So«- 
nfratia caseoltiris forming a considerable growth on the sandy, fre¬ 
quently submerged, beach, and Agiceras fiondum, Lummts^arace- 
,nora, Scyphit>kora hydrapkyilarea and Exraeraria agMa form¬ 
ing bushy growths on the sandy beach infrequently submerged by 

Usually, however, the lower sandy beach, where wave acbon is 
at all evident, is bare of vegetation except as creepers of 
fVedetia or Vigm may grow down from the upper beach. The 
middle beach is characterir.ed by a number of very typical creepers 
such as the pantropic pei-caprac. Cauawdm rosea and 

Vigna marina. Creeping over and parasitizing the vegetation m- 
discriminatelv are tangles of the pantropic strand parasitic member 
of the Unraccae. Csssytba fHifannis. Cumps of Euphorbia atoto, 
widely distributed in the Indo-Malayan region, are f ound scitlered on 
the middle beach and have their counterpart in the Eupkorbia poty- 
ganifaUa of onr own coasts. Here, too, we find beds of Sesuzium 
portulaeastrum and to a lesser extent AUmania aWda and Tnantkema 
porlulaeastrum. Many grasses and sedges characterize this part of 
the sandy beach, the most widely distributed and abundant being 
Spinifex Jilloreus and Remirea maritima. 

Tlie upper sandy beach is an almost impenetrable tangle of herbs, 
shrubs and trees, the creeping forms of which send runners down over 
the middle and lovrer beach. The woody-herbaceous plant. Widelia 
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bifiora; the scandent shrub, Quisquaiis indka; the shiny, fleshy-leaved 
shrub, Scue^da fruicscens; the hairy-leaved SopIiQra tometitosa; aiKl 
the larger, delicate-appearing^, amyrillidaceous plant, Ctinum asinticum 
fdrm:, with Pandoinus a thicket o£ the lower growing spe¬ 

cies, Under this thicket wherever possible the hcrbaceoiis plants 
characteristic of the middle beach are found. This whole niass of 
vegetation is bound together and to the tree grcui^Th characteristic of 
the upper beach by herbaceous vines such as Cd&nkiyon album hut 
more still by woody lianas and scramblers, some of which are ver>' 
characteristic, such as Daiberqia candcnatcnsije and Ca^^salpinm ttuga. 
Other scramblers are Strychnos Jajininm bifarium and 

J* aculeaiufn^ and Pinlaysonia obavata^ the hst found near brackish 
water. Some lianas typical of the lowland forest also thrive along 
the seashore. 

The most conspicuous clement of the upper beach vegetation is 
the trees, one of the chief of which is Barringfonia sfiedosa from 
w'hich Schimper (^7) named his fa-formation, though he, 

in an earlier paper, had named it after Tcrfnhtalia tatappa, another 
common beach tree, Whitford (3^) hai^ combined the tree forms 
with the undergrowth forms, calling the vegetation of the upper 
beach the ^flrria^ioisia-Pawdflwifj-formation, The trees mentioned 
are little if any more abundant, however, than Thcspesia populneajr 
Sideroxyhn f^rru^meum or Hemandm oz/i^era. Hibiscus iilmccHS 
IS very common also, though not at Puerto Gal era. Most of these 
species ivith their shiny, leather}' leaves form \vhat is sometimes 
called the " beach jungle ” or the " beach forest when extensive in 
area as it often is on small sandy islands. 

Smaller trees common to the upper beach are the hairv'-leaved, 
gnarled, very common ToHmefarfia argcntca, the small %'arnished- 
leaved Dodonea z^iscirsa, Optlh amentacea, Tristera tripttra, Ximcrntt 
amsrica$ia^ Pemphis addw/o, Sjiriana irfUritiiNo, Pouffamm ^riuiata, 
Gudiarda spcctosa and Morlnda did folia. Occasionally dense thick¬ 
ets of the introduced shrubs, Prasoph indalima or Acada farnesiana 
are found on the sandy beach. Vitex Irifoiia forms thickets on the 
sand of the upper beach and its low grooving variety oz^aia forms a 
dense cover in simitar situations. 

Hcriticra littoralis with its peculiar boat-shaped buoyant fruits. 


67 


BEACH VEGETATION IN THE PHILIPPINES- 

often found at the back of tnangrove svi-amps. is also present on the 
sandy beach. Xylficarjfus motuccensis and the shiny, leathery- 
leaved CalQphylhtm mophyllnm often grow so close to the water’s 
edge as to reach out over the water and receive reflected light from 

below. 

On beaches strevra with rocks one often finds the leatherj-leaved 
Diospyros maritima associated with Avicennia manna and others. 

RoCKV HEADtAND. 

The vegetation of this physiographic area is largely derived from 
the sandy beach or from the inland forests and consists of many 
species of a diverse nature. There are, however, cer^n plants which 
are almost always found on the steep cliffs overhanging the sea or on 
the large rocks and boulders forming the shore. Of these, the most 
characteristic are epiphytes belonging to the ferns; CyAaphorw 
advascens on rocks and trees, Polypodium fcalcpcndium and the 
humus collecting Drynaria qucrcifolio. These are able to withstand 
the dry season and to spring into luxuriance when the rams b^n. 
Certain grasses and sedges also grow on the steep slope of the rocky 
cliffs, such as Mofterma rcpftis, Panicum camatum and Sciena lilho- 

fpenna. . . • i / 

Trees and shrubs likewise are found dinging to the sides of 

these rocky cliffs wherever a foothold can be obtained. The most 
common of these are: Pleetrama gynochthedes, Ardvia pyratntdalts. 
Lunasa amara. Gardenia morttidaefoUa and G, nicmVfii and 
parvifiora. On certain rather open sloping cliffs Cyrof rumphii and 
species of Pandanus are found abundantly. The liana Derris ihik- 
dorettsis is also found hack of rocky shore lines, Herbs and epi¬ 
phytes form an undergrowth On the steep slopes of diffs. Two very 
characteristic and commonly found plants of the rocky cliffs are the 
leafless vine Sorciw/eiHiiKi brunottianmn and the milky-juiced Hoya 
cutmttingiana wdth its 4-taiiked leaves. 

At the base of these cliffs may be a sandy or a rocky beach of 
small extent on which the common sandy beach species are found. 
On very exposed volcanic rock cliffs low down to the water I have 
found Pemphii addvia growing as a gnarled thick-leaved shrub; 
Evolvuius alsinoides and the grass il/ojicr«io repens. 
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Form and Sti^uctl're of Beach Plants in Relation to 
Ecological Factors. 

The vegetation of the sandy beach and the rocky headland is ex¬ 
posed to severe environmentaJ conditions* These efivironmental fac¬ 
tors may bring about a modification in the form or the habit of the 
plant or they may modify the structure of the plant parts, particularly 
the leaves. The form of the plant may be modified in response to 
the shifting character of the sand upon which some of the beach spe¬ 
cies grow. In the Puerto Galera reg:ion the shifting of the sand by 
wind is slight liecause much of the sand is coarse, the damp air and 
the frequent rains lessen the movement and the rocky headlands pro¬ 
tect the sandy beaches from very strong winds. To what extent the 
plants of the sandy beach are affected by a shifting substratum or by 
wind blown sand it is difficult to say. I have noted on small wind¬ 
swept coral sand islets in the Sulu Sea, IVedclia biflora and other 
similar plants creeping over the sandp nowhere forming the bushy 
tangle normally so cliaracteristic of WcdeHa. ^Tiether this creeping 
habit was an adaptation to excessive wind movement or whether it 
due to the intense heat, light, and high transpiration rate, cannot 
be decided. The fact remains, however, that much of the herbaceous 
and some of the woody vegetation found on the beach is of a low 
growing habit. 

lpojHO£'a p€S-capra&, Caimmiia rosea, C. microcar pa and Vigna 
fnartna are all herbaceous creeping forms sending runners out over 
the sand, which sometimes take root. IVedelio bipora and Quisquaiis 
indica are often low growing forms particukrly on the open sandy 
beach though they also form shrubby growths. Few of the grasses 
On the beach grow to a great height, while some forms such as 
Spinifeje Httoreus send out runners which take root to form new 
plants. 

aibida, Trtanihcma porhdacasiruiH and Sesumum par- 
tulacasirum are lovr growing, suceuletit, rosette plants, while Euphor¬ 
bia aioto forms small low dumps. Crinutn csiaikum, on the other 
hand, is an exception in that it grows to a height of four to five feet 
but is usually protected by the shrubby growth of Scae^ola frutcsce^is 
and iVedelia biftora. 


69 


BEACH VEGETATION IN THE PHILIPPINES. 

Some of the shrubs and trees on the upper beach show signs of 
the high winds pre^-alcnt on the beach by their stnall gnarled fonn 
(Tountefortia argentfa). and their umbrella-like shape (rcrjainu/ta 
oitappa, Barringt<,„ia aiiutfca). When Srert/cla 
pn stnaU sandy islets it is often low. sprawling and gnarled. The 
tree growth on the rocky headlands is often dwarfed as a result of 
wind action. What little meclianical tissue is found m die leaves 
probably has Uttle effect in protecting the plants against wind-blown 

Environmental factors which limit the sup(dy of av^Iablc water 
in the soil and make for a rapid loss of that already in the plant, are 
much more severe and much more potent than are the factors of 
shifting substratum and wind-blown sand, if we may judge from t te 
large number of structural features which conserve the water supply 

of the plants found on the beach. 

Many of the plants of the sandy beach are deeply enough rooted 
to have an abundant supply of soil moisture. In the case of man¬ 
grove and nipa swamp species and some of the beich trees growing 
on rocky beaches or at the base of cliffs where their roots are subject 
to salt water at high tide, the difficulty of water absorptioa causes a 
physiological drought is-hich makes it imperative for the plant to 
conserve its water supply. Some beach plants and especudly those 
of the rockj' headlands growing on the exposed faces of the cliffs are 
dependent on the moisture in a quick draining or in a shallow sod. 
In spite of an abundance of water in the soil and a high relative 
humidity of the air the plants must conserve their moisture because 
of the high rate of evaporation brot^ht about by the conditions enu- 
merated below: 

1 . One of the most severe conditions under wbidi the sandy lieach 
vegetation and particularly the rocky headland plants must exist is 

the almost constant and often stroi^ winds. Wind greatly increases 
evaporation ss was evidenced by measurements discussed elsewhere. 

2. The compamth-ely high temperature the entire year makes for 
a high water loss from the plant particularly ivhen we consider the 
great heat reflected from the sand on which many of the plants grow. 

3. ' Tlie light of the tropical sun is very intense and when to it is 
added the reflection from the ivhitc coral sand of tlie beaches and 
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frcKtn the w^ter and the bteakers near the shore its effect on the plant 
must be severe. It not only increases the transpiration but may 
actually injure the Tissue of the leaf itself. Copeland (8) says Iran- 
spiradon in the coconut is increased four times by a chan/re from a 
light haze to full illumination. 

4r The sandy substratum of the beach allows water to drain away 
or to be lost through evaporation verv^ readily and rapidly, tlie sur¬ 
face layers drying nut quickly. 

Sr Salt Spray is sometimes thrown inland for some distance and 
the leaves of the beach plants especially are often coated with it 
That the presence of this spray has an effect on the vegetation JS 
indicated by Whitford (52) who cites an example of salt sprav 
throwm inland by a tv'phoon settling on TcrHumlia iatappa^ a tv'pical 
strand tree, and on Artocarpn^ iucisa, an inland species. The Arfo- 
cQrpti^ W'as killed by the salt spray while Terwhtaiict was unharmed. 

5 . Some of this salt spray falls on the soil but the investigation 
of Kearney (19) has showm that sandy beach plants are not halo- 
phyteSp. as the sand is comparatively free of salt. Plants growing in 
the mangrove and nipa sw'atnps, and those found near enough to sea 
to be affected by salt water at high tide are true halophytes, how’^cver^ 
and in addition to a high rate of water loss they Fiave difficulty in 
absorbing water. 

The presence of these factors of light, heat, and wind which 
greatly increase the rate of transpiration have brought about manv 
structural features in the plant w'hich tend to decrease the water loss 
and conserve the water already in the plant. These structural adap¬ 
tations are noticeable in many of the plant parts but have been ex¬ 
amined chiefly in the principal transpiratorv' organ, the leaf. 

The change in ihe position of leaves during the period of greatest 
heat and light probably protects against excessive water loss and like¬ 
wise against injury^ due to intense light. Ipotn&fa pes-caprae folds 
its leaves along the midrib with the inner faces together; Canavalta 
spp. and Vigna fold their three leaflets together; while Etiphorhia 
at&lo and Sophora tomentosa also have a slight amount of lea^ move¬ 
ment to place the former s leaves closer to the stem with the upper 
side inward or fold the latter^s leaflets together. 

The total suppression of the leaf as a photosynthetic organ has 
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occurred in Cafsylfta filifortnis. where the leaves ate scale-like and 
protect the bud, the entire photosynthetic function being taken over 
by the stem. In Sarcostemirn brtincnknum, a frequent tnitabitant 
of the rticky cliffs, the stem has likewise taken over the photosynthetic 
function, 

Rfdiiction in the she of the leaves has oconred in only a few 
species such as Pemffkis aeidula and Jtoianfl marithno. 

Thin, slender leaves, standing erect and receiving light on both 
sides is characteristic of most of the grasses and sedges found on the 
beach, particularly Spiuifex litiorais and Retnirea marititna. 

Hairy Icatres are abundant but in many cases the hairs are not 
numerous enough nor sufficiently developed to be a protection. The 
lea^'es are arranged in the order in which their hairy coverings are 
probably elfectivc in inducing transpiration, Heriticra litforalis 
(closely overlapping peltate hairs on lower surface)! Vilex trifolia 
dense mass of two^cclled hooked hairs on lower surface), 
Sideroxyloii ferrttgiuemn (large flat hairs forming layer on lower 
surface): Tountefortia argeutea (loose tangle of hairs on both sur¬ 
faces). Hairs are present also in Sophora totnentosa. and Pentphis 
acidtdo hut proliobly ha%'e little effect on the transpiration rate. 

If’fljry bloom on the leaf is found only in the case of Euphorbia 

atoto, 

6 'rcoffy thickened cuticle and outer epidermal walls are found as 
follows, arranged in the order of their thickness; Criitum asiaticum. 
Siderox\lon ferriigincittn, Calopbyltum inophyfium, Saphota totticn- 
losa, Viter trifolia (ujiper surface only). Xylocarpas moltiecetish, 
Clochidion liltoralc, and the epidermis of Cossytha filiforntis. Other 
species have thickened outer epidermal walls which are cutinized or 
overlaid with a cuticle but the aitinization is not excessive, 

Varvished leaves are especially well developed in Dodonaea vts- 
eosa and Seacvola fruteseens and may reflect the light rays, as 
Wiesner has suggested. Many of the beach trees and especially the 
mangrove species have shiny leaves and may be classed as varnished. 

Sunken stontaies are frequently encountered. The species hav¬ 
ing them are here arranged according to the degree of depression (the 
figure in parenthesis following each species is the number of miprons 
from the outer surface of the epidermis to the point of closure of 
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the stomate)." Crinitm ashikum {30,7), Giochidton liUorak (30)p 
Sophora tofncntQsar {2S)t Qu^Vf/zfl filifonuis (25), Sid^roxyion fer- 
rugineum (22), FetHphis aciduia (18) and Spimfex Hti^reus (iB). 
SephQra is probably the most effect!vie as the surrounding epidermal 
cells overarch slightly to make a rather narrow, deep depression. 
Three other species have slightly depressed stomates. 

Oi the 22 spedes e-^amined 50 per cent have sunken stomates, 41 
per cent have stomates level with the epidermis and 9 per cent have 
raised stoniateSp these last being H^ritiera iiitoruiis and Vitex trifolia; 
the very abundant hairs probably act efficiently to prevent the rapid 
diffusion of the blanket of air of a high humidity immediately sur¬ 
rounding the stoniatcSp hence die raised stomates do not lose w-ater 
readily. 

A hypodertnal tissue is present in a number of the species ex¬ 
amined- It varies from one to several cells in thickness and may or 
may not be accompanied by water storage ceils. If the sub-epidermal 
cells free of diloroplastids are thick-walled I have considered them as 
hypodemiis; w'hile thin-walled eelis free of chloropkstids I have con¬ 
sidered as water storage cells. The hypodermal cells probably func' 
tion as a strengthening tissue* as a water storage layer and also to 
reduce the mtensitv' of the impinging light, Hmiiera HttQraik, Viicx 
irifolin and Glochidioii tkiorale have w-ell deA'eloped hypodermal 
layers* while XyhcarpiLs molucc^nsk has a single thidc-ivaUed hypo- 
dermal layer^ below which is a layer of thin-walled water storage 
cells. 

The abundance of imicr storage iksuc is a striking characteristic 

^ The method here used of indirating the amount of stomatal depression 
by the number of microns from the £;eneraf level of the epidermis to the point 
QZ closure oi ihtt guard cetb means thai each stomate* even though its outer 
edge is level with the epidermis or slisfnly raised, will have its point of 
closure several microns below the level of the epidermis. This figure varies 
from 5 mkroni to IS mkrofig (average 8 l 6 mkrons) for the 10 species whose 
stomates arc level with the epidermis; that Is, the outer waJl of whose gu^rd 
cells h level with the general levxt of the outer edge of the cpiderrais. 

Of even greater importance id retarding transpiration than mere depression 
of a stoToate in a shallow pit, 15 the length, diameter and tortuousnesa of the 
stomatal pore and the kind of vestibuiar chambers it has. These points can 
best be noted from the illustrations in Plates IL to Vl. Thus the stomates of 
Cofo/AyJ'/uptt (Plate TV. ; tsa) arc probably more effective in re- 

strkting transpiraiku that those of AUmama Mida (Plate II. t 3 ^)- 
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of the species examined. As the leaves become older they increase 
in thickness and much of this increase is due to an increase m the 
amount of water storage dsstie, as in 5c.riiw«fn portulacastrum. In 
some cases, as Pemphis acidula, the cells which were chlorophyll-bear¬ 
ing celb in the young leaf become enlarged, the chloroplasrids become 
attenuated or disappear entirely and the cells become wholly water 
storing in function. Only a few of the beach species can be called 
succulent. These arc: porhihcastrmnj Triatitkfma p 0 r- 

tuiacastrum, and Pemphis acldula, Ailttnutia albida should probably 
be included here also, as its large chlorophyll-bearing cells are very 
largely water storing. Several other species have an abundance 
of centrally located water tissue: Crinum ojsiatictm, Ipottu>ea pes- 
capnu {sun form), Spmifex Hlforeus and Taurnefarth argenUa, 
iVedelia biftpra and Xyhearpn^ mo!a(censis have water tissue below 
the upper epidermis while Buphorbsa atoto has an abundance just 
above the lower epidermis. Most of the species enumerated above 
also have colorless parenchyma cells, doubtless storage in nature, 
around the veins. Only five out of the 22 species examined do not 
have any water storage tissue. 

The arrangemeMt pf the chlarenchyma is indicative of the severe 
environmental factors under which the beach vegetation exists. 
Whether formed in response to the stimulus of light or some other 
agency, a leaf mesophyll composed entirely or largely of palisade 
tissue will trauspire less tlian one made up of sponge tissue, the 
degree of compactness of either tissue determining the amount of 
transpiration. The mesophyll of the leaves of Prosopis vidatiam 
and Vitex ttifoUa are composed wholly of palisade, while .^erMviKMi 
pofiiilacpstfnm, Pcniphis additlPf Ipptnocp pes-<itpfim (sun form) 
and TpuTHefprtui orgentea have palisade layers on both sides of the 
leaf with a water storage layer between, Sophpra has a palisade 
above and a very imperfectly developed one below with sponge be¬ 
tween. Six other species have a palisadt^Hke development of the 
cells of the lowest sponge layer. rri(Oiit/i««n poriidacpsirtm has a 
festoon of palisade cells around each vein, so characteristic of suc¬ 
culents, while the chlorcnchyma of Spinifex litt<irem b like a very 

compact sponge. , 

Mucilage cells are found in the epidermis and mesophyll tissue 


74 KIENHOLZ--ECOLOGI CAIMANATOiliCAI. STUDY OF 


of Pern phis acidula, the cortical cells of Cassytha filyformh, the 
mesophyll cells of Hermndin oz^igcra; while in Thespesta po fndnea 
slime cells are found. Latcjr tnb^s are found in Eupk^bia atcto. 

StQue cells are infrequently encountered in the leaves studied. 
Frosopis lias many spool-shaped stone cells while Staevoh has scat¬ 
tering branched stone cells in the mesophyll, 

Stercome flssHC is developed in a number of the leaves as a mass 
of cells just above and below the veins or extending in a narrow land 
From the veins to the upper and lower epidermts. \Miatcver the 
function of the stereome, it is a significant fact that the leaves tliat 
contain it in the most highly developed fonn are from the beach tree 
species whkli show' the greatest xerophytism in their slructure. 
Frosopts vtdaiianaf Heriiiera littoralis^ Xyhearpus moluccensiSi Ceio- 
pkylhim inophylhim and Sideroxylon ferrHghteujn show well de¬ 
veloped stereome and trifolia, Sophora i&fnefitoso, Thespesia 

pcpuiiiea and Glockldion Httorale show it poorly developed. The 
other species show none. 


Leaf Anatomy. 

ITie leaves of many species ty'pical of the beach vegetation were 
gathered at Puerto Galera in 19^4 and 1925 during April, May and 
June, toward the close of the period of least rain. These leaves 
were gathered from vigorous plants fully exposed to the environ¬ 
mental factors of the beach and in all cases fully mature, hut not old, 
leaves were gathered. These were killed in medium chrome-acetic 
add and were imtiedded in parafHn in the usual They were cut 

and stained with safranin and light green. 

The study of these sections served as the basis for the figures 
illustrating the structural features of the leaf. Additional informa¬ 
tion was obtained from a study of many of the leaves from fresh 
material. The figures represent the ty^pical structure of the leaves in 
cross-section and are dravm to a scale of no with the exception of 
Sesuvium (X 47)- Cassytka, cross-section of stem (X ^)i Pempkis 
(X and Fitex (X 266). The stomates are all drawn to a scale 
of 335 and the structural details are usually drawn to a scale of 110. 
The species are arranged according to their taxonomic sequence. 
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The detailed anatomical features of each species ejiamined are dis¬ 
cussed below. 
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Table I summarizes the presence or the absence oE those struc¬ 
tural features which may be of importance as adaptations to the en¬ 
vironment of the beach. One of the most outstanding features of 
the sandy beach plants is tlw great thickness of the leaves, averaging 
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495 Tnicrons in ttie species studied and ttinning up to almost two 
miJlimeteTs in some species. Another feature is the large amount of 
water storage tissue. Eighty per cent of the beach species I have 
examiTied have some form of water storage tissue while Harshberger 
(15) Ibts but 20 per cent of his New Jersey sand-strand spedes as 
succulent and 50 per cent of his salt marsh species. Kearney (18) 
finds but 54 per cent of his sand-stmnd spedes from Ocracoke Island 
containing i^^ter tissue and 44 per cent of his salt marsh spedes. I f 
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those species typical of the mangrove were included in my calculations 
the number containing water storage cells would amount to over 90 
per cent. 


TABLE J, NUMBER OF STOMATE5 Pi 

fR SQUA, 

RE MM. 

Species 

i^ner ' 
Surface 

Lower : 

Total 

tier/fiera tiiteralls ■ 

0 

44 6 

448 

herntjndia ovmera 

0 

583 

3B ^ 

SccL^frufesCens 

0 

524 

3 24 1 

frifcfiQ 

0 

2 60 

260 

fern/EJinetjm 

0 

225 

Z E 5 

Kyiocarp^j moiMCcenSfS 

0 

2 00 

200 

Thc^P^B}£F pcpuine^ 

0 

18 8 

/ 88 

&ICf.hidion iittorah 

0 

185 1 

1 85 

CaiophyilMm incphyiifjm 


/ 56 

156 

1 ScphQra tvFnenfoSCF 

0 

/ 02 

1 02 

' SpiniMx It f tore us 

0 

102 

/ 02 


9 

332 

1 / 


14- ' 

B 9 

85 

Af i 

73 

t i & 

/ $ / 


; / 27 

i23'' 

2 50 

Ipomoeo pes~cufiroe(sharde} 

9 7 

93 

t as 


4 S 

4 6 

94 


99 

83 

t 62 

PresDp^s 

t 70 

108 

2 73 

Trurnff fortia argenTea 

40 

2 5 

6 5 

1 5 vium d^j/rI//W 

60 

35 

95 

Euphcrhin ^ 

225 

i 

; 2 63 

Cosivtha ftUformis 

_ — — 

— ™ ‘ 

3 / 

1 mangrove swamp SPECiES 


Rhiz^ptiora eondetetr/u 

0 

9 7 

a 7 

S£<^eh<jphoro hydroph)tUQcec 

i a 

i02 

' i 02 

\ ApiC^r^s ^p- 

0 

/ 0 5 

7 05 

Rhizophoro mucronctro 

0 

/2 3 

7 23 

Sonne forio case a/orts 

&7 

€2 

74 9 


Ts-ble 2 indicates the total thickness of the leaf expressed iti 

microns and the thickness of the tissues of the leaf expressed m per¬ 
centage of the total leaf thickness. Wherever the thickness of the 
outer epidermal wall is spoken of, the outer epidermal wall [Hus the 
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curide is referred to, unless only the cuticle is specifically mentioned. 
In referring to the degree of clevattou or depression of the stomate^ 
1 have measured from the point of closure of the guard cells to the 
general level of the outer surface of the epidermal ceJb. This 
seemed more logical than measuring only to the outside of the outer 
ciiticular ridge, as this often doses very imperfectly or not at all 

Table 3 arranges the leaves in the order of the abundance of their 
stomates per square millimeter, a few typical mangrove species being 
included for comparison with sandy beach species. 

Sf^inif^x iiitoreus (Plate I., Fig. i; Plate II., Figs, i, la, ib). 

This very widely dtstributed grass is found on the sandy beach 
from near the iter’s edge to far back upon the beach. It prefers 
beaches of fine sand and in such habitats it sends its characteristic 
runners In all chrectlonSp taking root and producing masses of spear- 
like leaves. It forms dense masses wherever it is found, and it Is 
usually associated with various beach sedges and grasses as well as 
with /pom OCA and 

Its erect leaves are stiff and sharp^ in cross-section forming a 
broad U- or sharp V-shape, very thick at the midrib and tapering to¬ 
ward both edges. The entire upper (ventral) part of the loaf is a 
mass of tixiler jloragc i'clis protected by an epidermis of fairly large 
cells, the outer walls of which are cutinized but the lateral and inner 
walls of which are thin and of cellulose. The ehlorench\tRa tissue 
forms a band of uniform thickness just inside the itnver {dorsal) 
epidermis, hence the water storage tissue is most abundant at the 
midrib and tapers to nothing at the edges. The veins (large and 
small alternating) are all arranged near the lower epidermis and are 
imbedded in the ehlorenchyma. The parenchyma sheath surrounding 
the bundles is thicker walled than are the chlorenchy-ma cells but con¬ 
tains chloroplastids, chiefly on the side next to the chlorenchyrna^ 
The mestome sheath is imperfectly developed and its walls are only 
moderately thick. Xyiem and phhe^n cells are well developed and 
additional stereomc cells are found above and below the xylem and 
phloem. The lower epidermal ceUs, especially the outer wall but 
also the lateral and inner walls, are heavily cutinized. Opposite the 
larger ^bundles the epidermal cells are much smaller than elsewhere. 
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and abutting on these smaller cells is the sub-effidenHal slereome, 
made up of varj'ing number of thick walled cells w’hich extend to the 
paretich^ma sheath of the ^ein. The stomatfs are located almost en* 
tirely on the lower surface (102 per square millimeter), but a few 
are found on the upper surface near the edge of the leaf. They are 
sunken (18 microns) below the general level of the epidermis. They 
are of the characteristic grass type, the guard cells being very thlck- 
vi'alled, the lumen having almost disappeared. The subsidiary cells 
are entirely uncutinized. The edges of the leaf are also provided 
with stercome cells. On the upper surface near the edge are one or 
two masses of poorly developed bulftform ieiU though none are 
located Tvear the nitdrlb. 

Crirntm asfo/fVriiK (Plate 11., Figs, 2, 2a). 

This amyrillidaceous plant with its large leaves grows on the 
upper beach with Scan'oh. Wedelta, and Soffhora, and likewise it 
may be foutid within or at the edges of inangro%'<i swamps, or along 
brackish streams. It frequents the more open type of mangrove 
sw'amp which borders brackish ri vers rather than the dense mangrove 
swamp fornred by the typcal mangrove species. Its fruits are often 
cast up on the beach by waves. Its leaves are large, linear, and thick¬ 
ened to a heavy midrib full of large air chambers. 

The leaf structure of specimens grow-ing on the sandy beach showra 
an upper epidermtd layer of large, even-sized cells overlaid with a 
heavy cuticle (4.5 microns) especially thickened where the lateral 
walls join the outer walls. A single layer of short broad palisade 
cells is followed by several layers of rather loose spouge cells. A 
varvHng amount of tttrtrr storage tissue is found in the center of the 
leaf below which are several laj-ers of very open sponge celts. The 
lower r'piV/crtin’i is also heavily cutinized, the cells being papillate with 
from one to several papillae. This gives the epidermis a very 
w'rinkled appearance in surface view. The ftomafrs are large and 
few in number being seventy per square millimeter on the lower 
surface, and fifteen per square millimeter on the upper surface. 
They are most abundant on either side of the veins and art few in 
number or almost absent from over the veins and from between the 
veins. (They are all placed with their long axis parallel to ihat of 
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the leat.) The cuticle forms two very prominent hom-like projec¬ 
tions on the outer edge of the guard cells and some cutinization is also 
e^^dent in projections on the inner'edges of the guard celb. The 
stomates are sunken (307 microns) below the surface. The veins 
are few in number and widely separated^ the elements being 

poorly developed. Each vein is surrounded by an abundance of 
water storge ceils hut there is an entire absence of Jfefeojtte cells. 

albida (Plate II., Figs. 3, 3®). 

A prostrate plant with lanceolate, rather succulent leaves. Mer¬ 
rill reports it only from Mindoro in the Philippines thotigh it is dis¬ 
tributed along the sandy seashores of India^ Ceylon to Jav'a, 

Its medium thick leaves show few xerophytic structures beyond a 
slight cuticle on the upper and the lower surfaces and a succulency 
which probably acts as a xerophytic adaptation. One layer of large 
paiisade cells is follow'ed by several laj-ers of rather loosely laid 
sponge. The cells of the palisade and sponge tissues are all large 
with sparse chloroplastids and they probably act as a*3fcr sterage 
cells as well as photosynthetic cells. The lateral wails of the upper 
epidertual cells are straight while those of the lower epidermal celb 
are wavy. The siomaics are quite large and are found both on the 
upper (73 per square millimeter) and the lower (ir8 per square 
millimeter) surfaces of the leaf. They are level with the epidermis. 
The veins are veiy^ small, few in number and are free of stercome 
cells. 

Trianthenm pothilneasimm (Plate 11 .* Figs, 4, 4a)* 

This plant growls on the upper sandy beach especially near human 
habitations. 

It is a prostrate rosette type with small, rounded leavCS^ 

Its leaf structure is that of a typical succulent- The er epi^ 
derfual cells are large, thin-walled, of angular shape and uncutinized. 
Below this lies one or two layers of thimw'alled msler storage cells. 
The chtorenchyma tissue is compact and palisade-like^ grouped 
around the veins in characteristic fashion. The veins are very 
abundant, small and free of stcreome elements. They are surrounded 
by a ^rriif%nta sheath free of chloroplastids but packed with starch 
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grains. Below the chJorenchytna more water slftragc iissue is found 
extending to the lower epideriHis which is also uninitiniKed, The 
are found on both the npptr (99 per square millimeter) and 
the lower (S3 per square millimeter) surfaces. They are level with 
the epidermal cells except on the upper surface where they are very 
slightly sunken. Subsidiary cells, which are much smaller than the 
adjoining epidermal cells accompany the stomates. 

Sesftvsiwi porlsiloccstriitii (Plate II.. Figs, j, 5 ®)' 

This pantropic strand plant is widely distributed throughout the 
Philipfanes along sandy beaches, forming solid patches in the fine 
sand of the upper and the middle beach. It is usually associated with 
Canovalia, l^ifftta, or with some of the beach grasses, Its large 
Oblanoeolate succulent leaves are often very thick and are composed 

chiefly of large water storage cells. 

The upper and loiver epidermal eells arc uncutiniaed, and are 
comparatively thin-walled ( 3 -S microns to 54 microns). The 
palisade tissue is found just within the upper and lower epidermal 
layers, in layers of tw^o to three cells thick. The rest of the leaf is 
made up of lai^e xiater storage ceils with very small fibrovascular 
bundles free of stercotne cells, scattered irregularly through the 
w-ater tissue. An occasional crystal is found in tlie water cells. The 
stomotes are found on both the upper (60 per square millimeter) and 
the lower (35 per square fflillimeter) surfaces. They are large. 
Wei with the epidermis, and are characterized by small cutiniad 
outer beaks, 

Cossytfta fHiformis (Plate HI., Figs. 6, 60, W). 

This interesting r®ta.sitic niember of the Lonraceac resembles tlw 
coarser species of riucnfa of the Temperate Zone. The genus is 
.Australian, but this species is pantropic in its distribution. It is 
locally abundant throughout the Isbnds on sandy seashores, or oc¬ 
casionally extending inland. Growing nn the middle and the up^r 
sandy beach or along the base of the rocky headland, it fonns tangled 
masses of yellowish or greenish stems growing over and parasitizing 
practically all weeds, grasses, shrubs, and trees with which it com« 
in contact, M'hen growing on the exposed middle beach, wfeere it 
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often fasten^ itself on JVedelia, it is yellowish in color. ’WTien grow* 
ing in shaded places it takes on a green color. The leaves are small 
and scale-like, protecting the 1 )ud. The pliotosynthetic function 
must therefore be carried on by the stem. 

In cross-section the stem structure shows a single (pidenml layer 
of heavily cutinized (6.3 microns), rectangular cells. The cortex is 
composed of one or two layers of rather small, rounded cells slightly 
thickened at their angles, which are free of chloroplasttds, inward 
from which are several layers of chlorof>hyU^beari)ig cells elongated 
at right angles to the epidermis, appearing much like the palisade of 
a leaf, The small air spaces between the chlorophyll-bearing cells 
communicate with the larger air spaces below the stomates, Mveilage 
cells are scattered through the cortical tissue. There is no definite 
endodermis. Croups of wry heavy*walled, small-lumened tells oc¬ 
cur just outside the phloem. Tfic phloem cells are thin-walled and 
small. The proto phloem becomes crushed and disint^rated leaving 
a hollow space between the phloem and the thick-walled cells. An 
indefinite layer of eattibium separates the phloem from the con¬ 
tinuous ring of .tjYcjw made up of large pitted vesseb and of smaller 
elements. The prolo.ryltm is visible as small strands of tissue ex¬ 
tending into the pilk which is often rich in stored food. 

The slotnaies are peculiar in that they are arranged in definite 
rows with their long axis at right angles to the long axis of the stem. 
They are accompanied by narrow subsidiary cells. One to several 
rows of cells separate adjacent rows of stomates. In cross-section 
the stomate is deeply sunken (35 microns), A heavy cuticular ridge 
forms an outer vestibule in the already narrow stomatal pore. The 
Cavity of the guard cells are rather small and a partial inner vestibule 
is formed by cutinized ridges on the inner edges of the guard ceUs. 
The stomates number 81 per square millimeter of the surface of the 
Stem. 

ffcrnaiidia otigera (Plate HI,, Figs. 7, 70). 

This large tree forms a part of the beach forest growing on the 
sand of the upper beach associated with Tennitialia coiappa and 
Bamngionia asiaUca. Its hard round fmits incased in a bbddeiy 
envdQ(ie are characteristic objects in the beach drift 
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The regular-sized upper epidermal cells are moderately cutiniaed 
(5 microns) with straight lateral walls, Tw'o layers of compact 
palisade cells arc characterized by the presence of very abundant, 
large mucilage cells oE the same length as the palisade cells. The 
sponge tisswe is very open with large air spaces, the lower layer being 
more compact and somewhat palisade-like. The Icrwer epidentt^ 
cells are papillate and slightly cutinized (3.6 microns) with straight 
lateral walls. The stomates are sunken 12 tnicrons below the level 
of the cpdermal papillae. They arc confined to the lower surface 
numbering 383 per square millimeter. Small subsidiary cells parallel 
the pore which is guarded by small cuticular ridges on the outer edge. 
The veins are numerous and free of stcreame cells. 

Prosopis vidaliana (Plate Ml*, Figs. 8, 80). 

A shrub forming dense thickets along the seashore at Puerto 
Calera. It is found on the upper beach and forms a part of the 
shrubby growtli, cliaracleristic of the area. It usually occurs m pure 
stands and may have grasses, or S'c.rin'iifja, growing under it or 
nearby. Its small elliptical leaflets are smooth al»ove and below. 

Both the upper and the Icneer epidertml layers are slightly 
cutinized. Practically the entire mesophyll is made up of pdtsade 
cdls. A few cell.s in the midellc of the leaf are shaped like sponge 
cells but they do not form a complete layer and are chiefly noticMble 
near a vein or between two closely situated veins. 1 he entire palisade 
is compact. The numerous veins are each surrounded by a sheath of 
colorless parencbjina. All but the smallest veins have some stereome 
tissue usually located below the phlocnt. Spool-shaped stone cells 
are found inward from the upper and the lower epidermal layers and 
lying parallel w'ith the palisade. The rfonwltw are found both on the 
upper (lyo per square millimeter) and on the lower surface (loS 
per square millimeter). The stomates are slightly sunken (lo 
microns) in a cavity formed by the uparchlng subsidiary cells. The 
guard cells and the subsidiary cells are not cutinized, though the ad¬ 
joining epidermal cells are. The lateral walls of the epidermal cells 
are straight. 
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Scphora tome^itosa (Plate 1 V+, Figs, gb^ gc). 

This widely distributed legununous shrub is typical of the upper 
part of the sandy beach associated with Scaavcla, Tour^tcf^rti^f, 
IVedeluif and others. 

Its leaflets are covered with silvery kmrs all pointing the same 
way. These hairs are single-celled^ thick-wnlled, and are seated on 
two basal cells somewhat sunken in the upper or the lower epidermis. 
These hairs are most abundant on the lower surface (33 per square 
millimeter) but are also found on the upper surface (20 per square 
millimeter). The regularly shaped cells of the upper epidermis are 
heavily cutini?^ with straight lateral walls. The mesophyll consists 
of three layers of pehsade cells, the upper layer being compact, the 
lower two layers l>eing somew-hat open. An open sponge tissue fol¬ 
lows,. w'hite a distinct potisnde layer occurs jnst inside the lower epi¬ 
dermis, The laicer epidermoi cells are papillate with dome-shaped 
projections of cutin and are heavily cutinized throughout. The 
sfofnates are deeply sunken (2g microns) and are further protected 
by the over arching dome-shaped cutinized projections of the sur¬ 
rounding epiderrruil cells. There are 102 stomates per square milli¬ 
meter on the lower surface and none on the upper. The water star- 
age cells are found in groups situated inward from the upper and 
lower epidermal layers opposite the veins and usually connecting with 
them. The veins wdiich contain a limited amount of sfere&mc tissue 
are surrounded by cells containing simple crystals. 

In certain older thicker leaves examined the palisade was much 
thicker, the water storage tissue more abundant and reaching to the 
veins, while the lower epidermal cells w*ere much more papillate in 
structure and the stomates more deeply sunken. 

Xyheorpus rnohiccemh (Plate IV,, Figs. lOt lOd). 

This Small tree is found scattered along' the upper beach, or at 
the base of rocky headlands, growing in the sand or among the rocks, 
wnth Its roots frequently being reached by the tides. In the Philip¬ 
pines it is d.istributed from Cential Luzon to the Stiiu Archipelago, 
and its general distribution is from India to Madagascar, throughout 
Malaya to Polynesia. Merrill gives its habitat as "' along open 
beaches, not in the mangrove.” 
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Its leathery leaves show a number of xerophytic structures, A 
small-celled heavily cutldzcd (5*5 nucrons) »pper epidermis is under- 
laid with a larg^-cetled thick-walled hy^pGdcrmcl layer. A single 
layer of large thin-walled ^'atcr iloraije cells is found below the 
hypodermis. The mesophyll of the leaf consists of two layers of 
palisade cells and of a sponge tissue the upper part of which is quite 
compact while the lower part is l«Ke, The forcer epiden»is is alM 
heavily cutmized. The lateral walls of both upper and lower epi¬ 
dermal cells are straight and thick. The very small stotnates ate 
level with the epidermis and are confined to the lower surface where 
they number 200 per square millimeter. They do not have subsidiary 
cells. The veins are infrequent and all but the smallest are accom- 
panled by itlereo^ne cells. 

Eitphorbia atolo (Plate IV., Figs. H, iia>- 

This spurge is a common inhabitant of the sandy beach. The 
widely spaced plants, growing about one foot high are not confined 
to any particular part of the beach, It is found growing with 
Sesitz'ium, Spimfes:, Ipomoca, and CoiHitwfio. It is widely distributed 
in the Philippines, and is a characteristic beach plant of the Jndo- 
Maiayan region. Its small oblong leaves are greenish-white in color 

due to a waxy bloom. 

The Hppef epidermis, free of hairs, is made up of smaller, ess 
heavily cutinized (3.5 microns) cells than the lower epidermis (4 
microns). The palisade and compact spougc fijjat’ are clustered 
around the smaU veins which are free of sUrcome cells- A circle of 
chlorophyli free cells surrounds each vein. These cells have large 
nuclei and ate ahundantly supplied with starch. Two or three layers 
of ttvjfcr storage cells are located just above the lower epidermis. 
This accounts for the peculiar distribution of the on the 

upper surface of the leaf (225 fw^ square millimeter) as compared 
to the lower surface (4S per square millimeter). The stomates are 
slightly (IS microns) sunken below the general level of the epidermis. 
Anywhere throughout the mesophyll of the leaf J vessels may be 

found. 
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Glodudion iiti&rale (Plate TV.. Figs. 12, 

This plant forms thickets on the sandy beach or more usQally 
along the shelving banks of tidal streams which are flooded at high 
tide. 

Its leaf stnicuire exhibits tnodi heat ions which tend to conserve 
tile moisture supply of the plant. The e!*tdermis is composed 

of small cells, usually otie layer, moderately aitini^Eed (4 microns 
thick) %vith straight, thickn lateral avails and prominent nuclei. Be¬ 
low' this is a hypadcnnal hiyer of larger cells, with much thicker 
straight lateral walls. The p^^Usade is compact and is usually com¬ 
posed of one layer of long narrow cells- The spotipc niakes up over 
half of the mcsophyll of the leaf. Its upper layers are open but its 
lower layers, the lowermost of which is palisade-like, are ver)' com¬ 
pact. Roscife crysials are found in the sponge cells. 

The veins are few and small, and are accompanied by a few* 
siercome cells. The lower epidermis is composed of small papillate 
cells with the top of the papillae heavily (6 microns thick) ciilini7.ed. 
The lateral walls are thick and straight. The si ornate s are confined 
to the low'er surface, they number 1S5 pvi square milhmeter, and the 
narrow pores are |Kiralleled by small subsidiary cells. They are 
deeply sunken (30 microns) below the papillate epiderinal cells, 
Neither the small guard cells nor the subsidiary cells are cutinszed 
w*hile the outer wall of the epidermal cell is heavily cutinized and 
the lateral and the inner w^alls are of cellulose impregnated with cutin 
as is showm by their staining reaction. 

Thespesia popninca (Plate IV,^ Bigs, 13, 13^, ili')- 

This small tree is characteristic of the upper beach and of the 
forests and thickets which occur on the sandy beach. 

Its firm leaves are entirely free of hairs. The upper cpidermai 
celts are regular in size and the outer w^alls are moderately thick (3.8 
microns) but heavHly cutinized (2 microns), A single very compact 
layer of paiisade occupies the upper part of the mesophyll below 
which is a much looser layer of palisade. The sponge is fairly 

open with very irregularly-shaped cells the lowest layer of which is 
palisadc-like. Large groups of sUttte ceils occur s[Hringly in the 
sponged Strands of Tiatcr storage tissue extend from upper to lower 
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epidermis at the veins and surrounding them, Most of these water 
storage cells contain rosette ^ryslals. The wfpiJ are numerous and 
small, onlv the larger having a few cells of stcreome tissue. T e 
Imi'cr epiderms is cutinized and is interrupted by the slightly 
sunken stomates. The stematrs are confined to the lower surface 
where they number tSS per square millimeter. Scattered on t e 
lower surface arc srr^ll multicellular glands sunken in depressions in 

the epidermis. 


MerlticraiiNtfratis (Plate IV,, Figs. 14- Plate V., Fig. 14 c)- 

This large tree, with its entire, leathery leaves, forms a very char- 
acteristic lart of the vegetation at the hack of the mangrove sw'a^ 
or along the sandy, or rocky, beach wiiere its roots are often bathed 
bv sea water, ft is distriimted throughout the Philippines. 

■ In cross-section the leaf has a most striking appearance. The 
upper epidermis is comj»sed of small cells, with thick, straight lateral 
walls. Thev are moderately ( 3-3 tutinized. Below this is 

an hypodennat tissue from one to three cells in thickness, the cells of 
wliich are thick-walled and larger than those of the epidermis. c 
casionaJly cells the hypodermis. iust below the epidermis, may 
enlarged and contain erystals. At the veins the hypodermis is wider 
than usual. The palisade tissue is one cell layer in thickness and of 
a compact nature. Over half of the leaf is composed ot a very loose 
jeoKoc fiJjFifr which forms an excellent system of collecting cells, one 
funnel-shaped cell often being attached to several iialisade cells and 
it in turn Iwing connectfti to other cells lielow. the whole forming a 
verv oiien tissue. These cells have large nuclei and large chloro- 
plastids The lowest laver of sponge is somewhat more compact than 
the other layers and a layer of cells along the veins is also compact. 
The arc frequent and are placed at regular intervals. Opposite 
each vein is a narrow band of fkid-nM eells extending up to the 
hvoodermis and if the vein is large, extending also to the lower epi¬ 
dermis. All of the veins with their abundant stcreome tissue are very 
conspicuous. divHding the mesophyll of the leaf into vei7 definite 
areas, the whole giving the cross-section of the leaf a strikingly char¬ 
acteristic appearance. The leiirr epidermis is small-celled, the 
being modeialelv cutinized. Ttie stomales are confined to the lower 
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surface and are very numerous, numbering 448 per square millimeter. 
They are small and are raised 1 2 microns above the general level of 
the epldemiiSr They open close under the overlapping peltate hairs 
which form a complete cover over the under side of the leaf. These 
hairs are many-celied and are attached at their center by a many¬ 
cell ed stalk. They overlap in various ways, some being enttrely below 
the others, some entirely above, and others partly below and partly 
above- A very few of these hairs may be found on the upper sur- 
tace. 

Calophyihim iiwphyilHm (Plate IV.^ Figs 15. t5fl). 

A large tree found on the upper beach, forming a part of the 
beach forest and of the narrow fringe of trees characteristic of the 
upper part of the sandy b^ch. It is widely distributed throughout 
the Philippines and is a characteristic strand tree of the Indo-Malayan 
region. Its elliptical leaves are shiny and of a leathery' texture. 

Ihe cells of both the upper and the I&ivrr epidermis have very 
wavy lateral walls and some of the cells are divided by from one to 
three cross walls. These wavy lateral walls cause the irregular si^e 
and shape lyi the epidermal cells, as seen in the cross-section of the 
leaf. Both the upper and lower cpideraal cells are heavily cutinized 
(7.2 and 5,0 nucrons)* J’wo and somerimes three layers of palisade 
cells of a conipact nature underlie the epidermis while the lower part 
of the leaf is made up of a very loose sponge tissue the lower layer of 
which is palisade-like. This tree often extends branches out over the 
water in which case the leaves receive considerable additional light 
reflected from below. There are no stoiuales on the upper surface 
and they number 156 per square millimeter on the lower surface, 
The stumates are large, level with the epidermis, and laave character¬ 
istic large subsidiary cells paralleling the stomata! pore. The guard 
cells have very^ prominent cuticnlar ridges on the outer edge while the 
lumen of the guard cell itself is very' smalL The subsidiary' cells ex¬ 
tend below the guard cells and l)elow the epidermal cells. They ap¬ 
pear to he fdled with a brown substance of a hoirtogeneous nature. 
The veins are few in number and most of them are large. The 
smaller ones are free of cells but the larger ones are ac¬ 

companied by heavy is-alled cells extending in a band three to four 
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c^lls wide from the upper to the lower epidermis. The margins of 
the leaf are heavily reinforced with stereomc lissue. 

Pem^his additlo (Plate V., Figs, i6, 161, 16&), 

This gray-leaved shnib is foond both on rocky cliffs fronting the 
sea, and more fretiuently on the sandy beach, associated w*th Sctiev 9 h. 
Sopbora, Tourufferlia and JVedeUa. It is occasionally found on low 
cliffs and rock>' beaches dose to the water's edge, clinging to the 
rocky substratum and yet apparently able to thrive. Its small ellipti- 

cal leaves are gtav from a hairy cover irig- 

In cross-section both the and the lower epidermal layers 

show some cells which have divided into two or even three cells by 
horistontel walls. Usually in such cases the inner cell contains 
lage. These inner cells often protrude into the palisade. The outer 
walls of the epidermal cells arc only slightly cutinized (3 7 microns) 
while the lateral and the inner walls arc straight, thin, and of cellu¬ 
lose. Below the upper epidermis is a layer of compact pabsadc tissue 
from one to three cells thick. A similar but somewhat narrower 
lai-er of palisade occurs just above the lower epidermis. These 
palisade cells stain very deeply while in unstained paraffin scions 

thev are brown, due, according to Areshcoug (t). to the brown hqmd 

contents. The middle of the leaf is taken up chiefly with large thin- 
walled un/er storage cells, the upper and lower layers of which are 
nalisade-like, the middle lawrs sponge 4 ike in shape, though much 
larger in size, I have examined young leaves and found these water 
storage cells to contain a limited number of small chloroplastids 
which disappear as the leaf becomes older and acts more and more as 
a water storage leaf. This agrees with the findings of Areschoug. 
Scattered through this water storage tissue are groups of cells which 
stain deeply and are probably snucilagc- or lamiin-cOHlammg cells. 
Other groups of verv small cells contain rosette crystals of calcium 
axalate. Scattered over the upper {30 per square millimeter) and 
lower (22 per square millimeter) surface arc straight tlnck-wallcd 
one-celled hairs sunken in tlie epidermis and extending almost parallel 
with it. Tlwy all point in the same direction, giving the leaf a silky 
appearance. The stomates are scattered in about equal num^rs on 
the upper (48 per square milltmctcr) and the lower (46 per square 
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milHmeter) surfaces. Th^y are equally sunken (i8 microns) below 
the epidermis on both surfaces. In eross-scctfon the tluck-waUed 
^ard cells show prominent cuticular ridges on their outer edges and 
a very slight ridge on the inner edge. The veins arc few and small, 
located in the middle of the water tissue and are free of jr/cr^ewif 
ceils. 


Sidero.ry!on ferrufjmeum (Plate V.. Figs, t;, lya, ij^). 

This large tree is commonly found scattered on the upper sandy 
beach or as a part of the beach foresL It is distributed throughout 
the Philippines and its leathery, sliiny, elliptical leaves, and evil¬ 
smelling flo%ver make it easy of identification. 

In cross-section its leaves are characterized by a very thick mlktc 
(7,5 microns) overlying the rectangular epidermal ceth. A compact 
palisade tissue composed of three layers ol cells makes up half the 
thickness of the mesophyll. The lower laj^ers of the palisade are 
shorter and somewhat less compact than the upper layer. The rest 
of the mesophyll is made up of an open sponge iissuCj, the lowest layer 
of which is polisade-like. The lo^tvr epidcrjnal cells are verv" irregu¬ 
lar in size, those next to the stomates being small. The lower epi¬ 
dermis IS also very' heavily cutinized though not quite as heavily as 
the upperx The slomates, which are located only on the low'er sur¬ 
face, are small, are sunken iS microns below the general level of the 
epidermis and number 225 square millimeter. Several subsidiary 
cells accompany each stomate. The lower surface is protected by a 
covering of single-celled hairs which are all oriented the same way> 
are at different lev'els and overlap to some extent, thus forming a 
fairly complete cover. These hairs are flat and scsle-Iike, fastened 
at their center to a short stalk which is deeply seated in the epidermal 
layer+ \ iciived from above these hairs are elliptical, pointed at both 
ends and shoiv clearly their point of attachment. A few hairs are 
found on the upper surface also. The veh^s vary' widely in size, are 
fairly abundant and are very- conspicuous because of the abundance 
of stercome tissue which accompanies even the smallest veins. 
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Ipomoca pcs^aproc (Plate V., Fips, i8, iBa-iSIi). 

This herbaceous creeper is a very widely distributed inhabitant of 
the upper and middle beaches, sometimes sending its runners for 
many feet over the sand until its tip reaches the salt water and Is 
killed back. It forms dense mats of vegetation and is associated with 
Spinifex, Ettphorbia, Canovalia, Vigna, IVcddia and Scaevola as a 
typical pantropic strand plant. Its round leaves, notched at the tip, 
vary in siae and thickness with age and habitat. They fold together 
along the midrib with their upper faces inward when heat atid light 
are intense at midday, 

J‘mh Forrji.—The old leaves, especially those growing in the stin, 
are vers^ thick and fieshy, being often more than Soo microns in thick* 
ness. The upper epidemiis is composed of regtilar-shapcd cells with 
straight lateral walls and with cuticle which is slightly ridged, form¬ 
ing fine lines on surface view. The arc few In nuniher and 

scattered irregularly through the mesophyll. They are free of 
stereome cells. The upper paltjcgde is composed of f rom two to three 
compact layers of cells. The central part of the leaf is made up of an 
extensive area of largC'Celied le'Q-ter sterngc tissue which may show 
the remains of chloroplaslids, depending on the age of the leaf and 
the habitat in which it lived. The lewcr palisade is made up of from 
two to three compact layers of cells. The lower epidermis ts similar 
to the upper. 

Shade Form—The I^vcs growing in the shade, are much larger 
and thinner, often only 14 the thickness of the sun form. The 
epidermal cells are quite large with straight lateral walls about the 
same thickness as in the sun form but less heavily cutinised. The 
palisade is formed of from two to three layers of small cells below 
which is a region of more rounded cells with very sparse, small 
chloroplastids. This region probably acts as a storage layer 

and will lose its chloroplaslids as the leaf becomes older. j\,round 
the larger veins these cells arc entirely free of chloroplastids. The 
lower part of the leaf is composed of a loose sponge-like tissue but 
with most of the cells elongated at right angles to the leaf surface 
hence in reality a palisade layer^ The veins are similar to the sun 
form. 
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The slotnaies are scattered about equally on both surfaces of the 
leaf and are accompanied by two rather larj^e subsidiaiy' cells ar¬ 
ranged parallel to the pore. The sun leaves have a ^eatcr number 
of stomates per square mUlimeter than do the shade leaves^ probably 
because the size of the leaf is smaller in the sun leaves than in the 
slmde leaves. 


Upprf iJppti Law^r 


Sun -- r3fi 124 122 

Shsidc ... 103 104 ga g2 


The sun leaves were obtained on the sandy beach oj^n to direct heat 
and sunlight and were comparatively small and leatheiy\ The shade 
leaves were growing in the shade of trees in a mixture of sand and 
black loam and the leaves were large and ihln. The stomates are 
level with the epidermis on both surfaces of the sun and shade forms^ 
They liave rather prominent outer atticular ridges. 

Stonmtai Closure .—A very interesting structure is noticeable in 
connection with the sto^netts of the sun leaf^ particularly those on the 
upper surface. One of the subsidiary cells begins to enlarge until a 
vesticular swelling results* which bulges into the air chamber below^ 
the stomate and finally becomes cut off from the parent cell by a 
cross wall. This cell continues to proliferate until a number of cells 
are formed often completely filling the air chamber and crowding 
against the palisade cells. The central and largest of these cells has 
its outer wall closely pressed against the under side of the guard cetb 
completely occlnding the stomatal pore. This wall finally becomes 
heavil)' lignified even forming a slight papilla \%'hteh forces Its way up 
into the stomatal pore, effectively closing it. The rest of the cell 
w'alLs retnai n unaltered. Haber landt (14) reports a species o f 
Trndcscatiiia occluding its stomates by this peculiar method when 
grown in a drier atmosphere than usual. Xo occlusion of the 
stomates was noted in the shade form. 

Sunken in depressions in the epidermis are many-celled thin- 
walled structures rich in protoplasm with prominent nuclei which arc 
undoubtedly hydathodes. The lowest stalk cdl penetrated into the 
palisade somewhat while the upp^r part h made up of many ceUs ar¬ 
ranged in a rosette. These hydathodes are found in the sun form 
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on both the lower (ii per milltnieter) and the tipper (8 per 

square millimeter) surfaces and arc more abundant in the shade form 
titan in the sun form. 

Toumefortta argentm (Plate VL, Figs. 19, t9<i). 

A sm?1t gnarled tree with gray hairy leaves bunched at the ends 
of the thick twigs. It is characteristic of the upper sandy beach, 
being found on the outer edge of the so-called beach forest, or stand¬ 
ing atone among the typical herbaceous beach plants such as Ipotnoea, 
Cavavalia and IVcdeiiv. It is widely clistrihated throughout tlic 
Philippines and is a very characteristic strand plant of the Indo- 
Malayan region. The obot'ate leaves are supplied with hair on both 
surfaces, which gives them a grayish silky appearance. Although 
growing under sewre conditions of exposure, the upper and iotvfr 
epidermal ceth are not heavily culinized, probably l^ecause of the pro¬ 
tection given the leaf by the unicellular unbranched hairs which arise 
as outgrowths of the ej^dermal cells. 

A compact palisade of one or tw'o layers lies below the upper 
epidermis. It is interrupted at inler\’als by strands of W(j/rr storage 
cells whidi connect, chiefly op|»site the veins, with the very extensive 
mass (5 cells thick) of large water storage cells which occupies the 
middle of the leaf. Below the water storage tissue are from tw'o to 
three layers of loosely laid palisade celts. There is no sponge tissue. 
The epidermal cells are irregular in size. The slomates are found on 
both surfaces, there being 40 per square millimeter on the upper sur¬ 
face and 23 per square mlllimeier on the lower surface. They are 
level with the epidermis or even slightly raised. The wit« are few 
in number and small, being entirely free of slereomc cells. 

Vitex trifoHa (Plate VI., Figs. 20. 20a, 20b). 

This shrub is found in thickets on the upper beach, chiefly in 
areas disturbed by man. It is widely distributed both in the Philip¬ 
pines and in the Indo-Malayan region. Its leaf structure, when 
growing in such regions, shows distinctly xerophytic structures. Its 
five to seven palmately compound leaflets are densely white-hairy on 
the under surface. 

The upper epidenttal cells are heavily cut ini zed (7,5 microns) 
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while the one or two hyffcdi’rmal layers iramediatelv Ijelow are also 
thick-walled. The mesophyll gf the leaf is made up entirely of a 
very compact palisade, the deeper lying layers being somewhat less 
compact than the upper layers, The siarage tissue penetrates 
t rough the leaf at and around the veins and divides the mesophylt of 
the leaf into areas. The abundant hut small veins have a verv few 
GclJs. The itm'cr rpidemial cells are uneutinized, practically 
a of them opposite the veins giving rise to cliaracteristie two-celled 
wirj. The lower epidermis is somewhat W'avy, the depressed areas 
between the veins being abundantly supplied with slomates. which are 
efTecbvely protected by the overarching hairs. The stomates on the 
ower surface of the leaf are slightly raised (6 microns) above the 
evel of the surrounding epidermal cells. They are confined to the 
iower surface where they number 2 fx> per square millinteter. 


Wt'a/fl frutesecus (Plate Vl„ Figs, at, 2Ja), 

This shrub with large delicate-appearing shiny leaves is widely 
pt'r ^l’'■®‘^gbout the Indo-Malayan region as well as in the 
Phjh^nes. It is cliaiacteristic of the upper beach, forming thickets 
together with iredelia Paudo.us, Tonruefortia. and Quisgnalis. 
fh ^ sessile, obovate, liavtng a varnished appearance 

oug t eir cuftcie is not especially thick (1.5 microns). The 
prominent upper epidermal cells are only moderately cutinized, their 
outer wall being 4,5 niicrons thick. The palisade of three or four 
avers makes up about one-half gf the mesophyll and merges gradually 
into the fairly compact sponge. The palisade cells are compactly ar- 

walled and sparingly provided with ehlorgplastids. Verv probably 

this tissue, as w^ll as the sponge and the cells around tile'veins, acts 
m pan as a ^ 

^ epi ermis, arid are confined to the lower epidermis, numbering 
3 ^ I«r square millimeter. The are small and infrequent, with 
almost no and are surrounded by a layer of paren- 

otf!™* ’^A ^ chloroplastids or containing them only on their 

ahi/ 7 ’ T ■ branched, irregular sto„e cells are found 

abundantly m the palisade and in the sponge tissue 
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IVedelia (Plate YL, Figs. 22, 22a). 

Growing on the upper beach in bushy thickets or sprawling over 
shrubs IS this widely distributed Composite. Occasionally it trails 
over the sands of the middle beach^ its heart-sliaped leaves when 
growing in such a habitat being ^fmlh thicks and rough to the touch. 
It is frequently found associated with Prosopts, Scaevala as well as 
with the smaller. lower growdng grasses and herbs of the sandy beach. 

The upper epidenms is made up of small cells, slightly cutinized 
(2.3 microns) with straight, thin lateral walls. Immediately below 
b a single layer of large thin-walled tauter storage cells. This water 
storage tissue penetrates the leaf from upper surface to lower surface 
at eacli of the numerous small veins. The rather ojwn palisode tissue 
is made up of three cell layers, below which is an open sponge tissue^ 
the lowest cell layer of which is somewliat palisade-like. The lower 
epidermis is thin^ very lightly cutinized, with thin, wavy lateral walls. 
The siomatts are small, with a narrow pore, and without subsidiary 
cells. They are level with the epidermis and are much more nu¬ 
merous (330 per square niillimeter) on the lower surface than they 
are on the upper surface (lo per square millimeter). There is no 
tissue at the veins. 

Scattered on the upper surface, chiefly opposite the veins and to a 
lesser degree on the surface of the leaf, are Itairs tmde up of 

three cells. The buIlKius liasaJ cell is imbedded in the epidermis and 
is thin-walled white the two terminal cells forming the hair are very' 
tluck^viTilled. The basal cell as well as the surrounding cells of the 
epidermis, which are rad lately arranged around the base of the hair, 
arc full of laminated prcrtoplasmic contents. These surrounding epi¬ 
dermal cells have their outer ’wnlls heavily cutinized. It would ap“ 
pear from the structure and the locatEon of these hairs that they are 
water absorbing liairs. 

Sl-mmakv, 

1. An inten.sive study isi-as made of a beach area at Puerto Galera. 
Mindoro, Philippine Islands. The vegetation and the environmental 
factors of this area are in general similar to those of beach areas 
throughout the Islands. 

2. The beach may be divided into several areas based on physio- 
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graphic features; each area liavmg its characteristic flora. The^se 
areas are: (i) sandy beacii, (2) rocky headland, and (3) nuiddy 
flats. The first two are considered here, 

3- The sandy beach is characterized by creeping herbaceous forms, 
such as SpiniffT hit&rt^us and Ip&moen p^s~capr{i^^ with a shrub-ttee 
zone on the upper beach composed chiefly of Scacvola fruiesce}is_^ 
TournefQrtia Fiiudanits spp. and various trees, 

4. The rocky headland flora is derived in part from the ^andy 
beach and m part from the interior forests. There are few species 
particularly distinctive of the rocky headland. 

5a Measurements taken show a temperature on the beach which is 
fairly low and uniform, when compared W'ith similar situattons in the 
interior of the Islands^ but ver>^ high when compared with that of 
Temperate Zone heacheSa 

6, Evaporation is high and occurs on the rocky headland, the 
sandy beach and under the mangrove trees in the ratio of 100; 58; 33. 

7. Wind movement is strong and steady, particularly on the rocky 
headland and iiicreaises the e^'ajioration greatty. 

Sr Intense sunlight, salt spray and rapid drying out of the sand 
together w'ith the above mentioned factors produce a severe enAdron- 
ment, particularly with r^rd to loss of water from the plant, 

9, These severe efiviroiimental conditions have aflfected the habit, 
and particularly the leaf structure^ of those plants typical of the beach, 
to. The leaves of the tiveiity two beach plants examined exhibit 
nian^ xerophytic structures, the most outstanding gf Avhich are: 
thick leaves (45 P^*~ cent ate over 35® microns thick), w^ater storage 
tissue (Soper cent), sunken stomates (45 |»r cent) and thick cuticle, 
ir. These features are fully described, summarized and illustrated. 
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EXPLANATION OF THE PLATES. 

Plate L 

Ficl 1. Sptaifex tiiior^us on sandy beach near Puerto Galera, Mindoro, 

Philippine {stands. 

Fic, 2 . Ipomo^ra pes-emf^rae on shelving bank on upper sandy beach. 

Manila Bay, Philippine [stands. 


Plate II. 

Fig, i-ih. Spinift^ fiWfircuj, 

Fig. I. Cross-section oE leaf. X f JO. 

Fio. la. Diagrammatic cross-section of the entire |<^f. X 27. 
Fig. tfr. Stomate. X33S. 

Fig. Crinum a^aikum. 

Fig. 3, CrosA-section of leaf. X tl&. 

Fig, za. Stoinate. X 335- 
aibida. 

Fjc. J. Cross-section oi leaf, X 
Fto. ja. Stomate. X 335 ^ 

FtO. 4-4a. Trianihcma pifrtuhirajirum. 

Fro. 4 Cross-section of leaf. X tio. 

Fic, 4cr, Siomale. X 335- 


Plate HL 

Fig, 5-50, Sesuvium parttilacastrHmr 
Fic, 5, CrpK-section of ka f. X 47 - 
Fig. 5fl, Stomate. x 335. 

Fjc. 6 -6!?. C^usytkn fiHftnmtk, 

Ft& d Surface view of epidcntia! cells «id stgimtes of stem. X iro 
FIC. 60. Cross-section of stem from epidermis to within the wood 
cylinder. X 66. 

Fig. 6 b. Stomate, X 33 S' 

FW. 7-70. Hemafidia or^rra. 

Fig. 7, Cross-section of leaf, x na 
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Fig. ja. Stomate. X M5- 
Ficl Proiapis v^doHano. 

FiCL S, Cross-scclion of Jeaf. X lift 
Ficl Scr. Stomata. X 


Pt^^TC IV. 

Fio. Saphom tffffl/nrojo. 

FjG. 9. Croas-i^ieoiian of leaf. X 

Fig. pa. Stomate. X 

Fig. «)&. Hair from tipper surface X t tft 

Ficl pc. Water storage: cells oppCKsite vein. X 

Fig. iD-ioo, Xyiacarpuj 
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